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PART  III 


NITRIC  ESTERS 

CHAPTER  IX 

GENERAL  DESCRIPTION  OF  NITRIC  ESTERS 

Nitric  esters  usei|to  be  of  major  industrial  and  military  significance  as  beiattt 
explosives.  TTiey  were  used  in  the  pure  form  and  as  mixtures  (dynamites).  Toward  this 
end,  employment  was  made  of  glycerin'  and  cellulose  nitrates  -  nitroglycerin  and 
pyroxylin.  Today,  these  substances,  as  well  as  a  number  of  other  nitric  esters  |X 
(nitroglycol  and  dinitroglycol)  are  eaqployed  to  manufacture  powder.  PTEN  is  the  only 
substance  in  this  group  now  employed  as  a  brisant  explosive,  and  a  very  small  number  of 
other  nitric  esters  are  used  to  make  industrial  explosives  -  safety  explosives  and 

A\ 

dynamites.  \  ' The  en?)loyment  of  dynamites  for  industrial  purposes  is  small,  as  compared 
to  its  past  use,  in  most  countries,  with  the  exception  of  the  USA.  Today,  high-percent 
dynamites  are  used  for  work  in  very  hard  rocks,  as  well  as  in  cases  in  idiich  the 
cartridges  of  explosive-^ have  to  withstand  the  effects  of  water. 

Nitric  esters  are  sharply  different  from  nitro  compounds  and-^Hr  nitramines  in  their 
properties  due  to  the  fact  that  the  nitro  group  is  attached  to  the  carbon  via  oxygen  as 
intermediary 

O 

^C-O-NC  . 

Characteristic  reactions  of  the  nitric  tX  esters  are  the  saponification  or 
hydrolysis  reaction  (in  the  presence  of  alkali) 

RONO2+H2O roh+hno,, 
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well  as  the  reduction  reaction,  at  the  consequence  of  which  the  initial  aileohol, 


302 


and  aanonla,  are  produced  on  reaction  with  hydrogen  at  the  mcasent  of  isolation 

R0N0,+4H2  R0H  +  NH,  +  2H20, 

■'re-esterification) 

Ihe  "paCMwc  1  JtuMlUii" ,  i  eaction  is  also  specific,  particularly  the  reaction 
between  nitric  esters  and  sulfuric  acid,  in  which  the  nitro  group  is  displaced  by  the 
HnUXgHttJK  sulfo  group: 

RONO.  +  H^SO^  72  ROSO.H  +  HNO^. 

The  bond  of  the  nitro ;  group  to  the  carbon  atom  of  the  molecule,  through  the 
oxygonjis  ’.instable,  and  therefore  nitric  esters  are  considerably  less  stable  than 
nitro  compounds  and  are  more  sensitive  to  mechanical  MTfm  effects. 

til 

As  distinct  from  the  nitration  reaction,  the  reaction  resulting  in  formation  of 
nitric  esters 

ROH  +  HNOj  r:  RONOa  f  HaO 

is  reversible  (because  of  the  hydrolyzing  and  saponifying  effect  of  water).  Both 
reactions  are  promoted  by  hydrogen  ions.  Hydrolysis  is  also  accelerated  by  hydroxyl 
ions.  Therefore,  when  nitric  esters  are  being  made,  it  is  necessary  either  to  have  a 
considerable  excess  of  nitric  acid,  or  to  remove  the  water  formed  by  means  of  some 
substance  that  takes  water  up,  axiMM  such  as  concentrated  sulfuric  acid.  Nitric 
acid  diluted  by  water  usually  oxidizes  alcohol.  When  the  concentration  of  nitric  acid 
is  less  than  77%$  the  etherification  of  alcohols  such  as  glycerol,  glycol,  etc.,  does 
not  occur,  but  yields  to  oxidizing  and,  in  part,  hydrolytic  reactions,  which  intensify 
with  dilution  of  the  acid  and  increase  in  teiqwrature.  Therefore,  either  concentrated 
nitric  acid  or  a  mixture  of  nitric  and  sulfuric  acids  are  en^loyed  to  make  nitric 
esters. 


569 


302 


Sulfuric  acid  substantially  accelerates  the  etherification  aeactlon  and  reduces 


the  oxidising  effect  of  nitric  acids.  The  reason  for  this,  In  accordance  with 
contenqjorary  views.  Is  that  sulfuric  acid  reacts  with  nitric  acid,  converting  It  to 
an  active  nitrator,  as  well  as  to  an  etherifylng  form  -  the  N02^  cation  -  in  accordance 
with  the  mechanism 

hno,+2HiS04  no?+ 2HS0f  +  Mao'®. 

Etherification  of  alcohols  by  nitric  acid  is  regarded  by  Ingold  (Bibl.l)  as 
O-nitration.  It  has  been  shown,  by  ^  an  investigation  of  the  kinetics  of  this  process, 
that  here  the  same  mechanism  is  at  work  with  the  nitronium  cation  as  in  C-nitration, 

This  process  goes  in  two  stages:  attachment  of  NO2*  (slowly)'  to  the  alcohol  molecule, 
followed  by  cleavage  of  the  hydrogen  being  replaced  (rapidly)  (Bibl.l). 

Sulfuric  acid  also  jiXMMK  protects  the  apparatus  against  attack,  and  facilitates 
recovery  of  the  spent  acid. 

The  rapidity  and  completeness  of  the  etherification  reaction  depends  upon  the 
conqjosltion  of  the  mixed  acid.  The  maximum  velocity  is  achieved  with  the  use  of  mixed 
sulfuric  and  nitric  acids  containing  9  -  1®?  H2O,  whereas  further  reduction  in  the 
water  content  does  not  increase  the  degree  of  etherification,  but  results  in  a  noticeable 
reduction  in  reaction  velocity. 

Theoretical  explanation  for  this  phenomenon  was  first  offered  by  A.V.Sapozhnikov 

i>.  f  - 

(Blbl.l2),  on  the  basis  of  nitration  of  cellulose.  Ikimw  previously  noted  (p.33), 
Sapozhnikov  provided  graphic  depiction  iZX  on  a  triangular  diagram,  in  which  the 
relationship  among  the  ccmiponents  was  expressed  in  molar  percent,  of  his  iX  nuamrous 
experiments  in  the  esterification  of  cellulose  (see  Flg.l), 

Those  acid  mixtures  which  yielded  an  identical  degree  of  esterification  proved  to 
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be  In  specific  regions  of  the  triangle,  and  A.V.Sapozhnlkov  differrr.tiated  aaong  them 


by  curves.  It  proved  that  the  region  of  highly-nitrated  cellulose  (ileven  NOj  groups) 
in  the  left  portion  of  the  triangle  was  bounded  by  a  line  of  equal  molecular  ratios  of 
H2S0^  and  H2O,  and,  in  the  right  side  of  the  triangle,  by  a  line  of  ternary  mixtures, 
in  which  the  relationship  of  molecules  of  sulfuric  to  nitric  acids  were  2:1.  Thus,  the 
highest  degree  of  esterification  of  cellulose  occurs  when  nitric  acid  is  present  as  the 
free  aonohydrates ,  and  this  is  provided  by  an  eqxially  molecular  relationship  between 
sulfuric  acid  and  water.  Acid  mixtures  containing  a  larger  amount  of  sulfuric  acid 
yield  cellulose  that  has  been  esterified  to  a  low  degree  because  of  the  decon^osition 
of  the  nitric  esters  by  unhydrated  sulfuric  acid. 

The  reactivity  of  alcohols  varies.  Thus,  for  example,  methyl  alcohol  reacts  with 
the  nitronium  cation  approximately  25^  faster  than  does  toluene,  while  XjpCIXjtiyinnfWnMICMn 
a,a*-i;;lyceroldinitrate  nitrates  very  slowly.  In  multi-atomic  alcohols,  the mi-hydroxyl 
groups  are  considerably  more  reactive  than  the  p-hydroxyl  groups.  According  to  a  study 
303  by  Ingold  (Bibl.l),  the  mechanism  of  glycerol  etherification  may  be  ](X  represented  as 
follows: 


CHi- OH  comparatively  ^HjONO.  comparatively 
I  fast 

•CHOH--  -  -  CH  OH  -  - 


CHj  ONOj 
I 

-  CH  OH 


slow 


CH20N0i 


CHjONO: 

I 

CHONOs 

I 

CH2ONO2 


Ihe  assiraptlon  that  tne  etherification  of  alcohols  Is  accompanied  by  a  shifting 
equilibrium  of  the  mixed  acid: 

R  (OH)  +  HjSO,;:;  R  (OSO3H)  +  H.O; 

R  (OSO,H)  +  HNO3  ri  R  (ONOj)  +  H1SO3, 
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303  which  allegedly  determine  the  process  rate  in  accordance  with  the  relationshipa  between 
the  sulfuric  and  nitric  acids  and  mater  in  the  starting  mixture,  and  also  in  the  spent 
acid,  is  not  very  probable,  inasmuch  as  the  rate  of  nitric  ester  formation  is 
considerably  more  rapid  than  that  of  sulfuric  ester. 

An  increase  in  the  nitric  acid  content  of  the  spent  acid  raises  the  yield  of  nitric 
ester,  while  an  increase  in  the  water  content,  on  the  other  hand,  results  in  a  reduction 
in  the  yield  of  ester  due  to  hydrolysis  thereof. 

In  determining  the  con^josition  of  the  mixed  acid,  it  ia  also  necessary  to  re)mi>er 

that  sulfuric  acid  acts  not  only  as  a  factor  accelerating  esterification,  but,  when  it 

products., 

is  in  a  specific  excess,  it  decon^^oses  the  esterification  and  the  nitric  esters 

t 

are  then  able  to  convert  to  sulfuric  XX  esters. 

* 

For  t;.e  esterification  of  alcoholf,  acetic  anhydride  or  a  mixture  thereof  with 
glacial  acetic  acid  may  be  eB9)loyed  as  the  dehydrator  (Bibl.3).  This  kind  of 
esterification  has  the  advantage,  over  esterification  in  the  presence  of  sulfuric 

acid,  that  the  formation  of  sulfates  is  preSOented  during  the  reaction.  The  presence 

0 

/ 

of  sulfates  in  explosive;tnltric  esters  is  undesirable  because  they  reduce  their 
stability  and.  make  stablllcatlon  difficult. 

Two  siechanisms  are  possible  for  the  esterification-hydrolysis  reaction: 


n 


R— f  I 

\l 


HI — OR: 
I 

lOH  I 


:R— C  I 
\l. 


I  OR 


•■H  I— OH  ,  (/) 


R — C  I  +  HO  I— R  SEE  R— C  I 

\  '  '  \  . 
OIH  I  o!r 


t-HOj-H  {U) 
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When  alcohols  are  esterlfled  by  nitric  acid,  mschanisa  (I)  will  hold. 


The  esterification  aeehanisa  aay  be  represented  by  the  following  d 


R-O  — 


e  ' 

f  s  R-O-H 

0-^N  — OH  - -  0-^N-- 


R — 0 

- H  I  +  HOH 
'■  —  N 

/II 

0  0 


With  positively  XIXX  charged  nitrogen,  alcohol  forms  a  bond  due  to  the  free 
oxygen  electron  pair  in  the  alcohol.  Simultaneously,  OH  in  the  transient  oeiiditioii 
leaves  as  an  anion,  and  K  as  a  cation  (Bibl.4).  The  reaction  will  go  the  more  rapidly, 
the  larger  the  partial  positive  charge  (t®)  on  the  nitrogen.  The  nitronium  cation  has 
a  complete  positive  charge  NO2®,  resulting  from  the  reaction  XMX  of  nitric  and 
svilfuric  acids  when  mixed.  This  renders  the  mixture  of  sxilfuric  and  nitric  acid  a 
stronger  es*erifying  agentXii3UtXIiX|0i]f  than  is  pure  nitric  acid. 

The  production  of  nitric  esters  is  perfonaed  at  a  specific  temperature. which  is 
usually  not  high,  inasmuch  as  an  increase  in  the  temperature  increases  the  velocity 
not  only  of  esterification,  but  of  the  reverse  reaction  of  saponification,  as  well  as 
of  the  oxidation  processes.  These  harmful  processes  usually  result  in  a  reduced 
yield  of  nitrate;  and  itcrease  the  danger  involved  in  this  production  process. 

An  increase  in  temperature  during  the  process  to  above  a  specific  level  may 
result  in  coaA>ustlon  of  the  mass  because  of  the  progressively  increasing  reaction 
velocities  of  esterification  and  oxidation.  .  Because  of  the  high  heat  effect  of 
oxidation,  the  cooling  surface  of  the  apparatus  does  not  provide  ccsqilete  removal  of 
the  heat  IX  emitted,  the  te^serature  of  the  reaction  mass  rises  progressively,  and  is 
capable  of  attaining  the  spontaneous  combustion  teqserature  of  alcohol  and  nitrate, 
which  will  result  in  explosion. 
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Any  increase  in  teaperature  during  esterification  is  particularly  dangerous,  in 

the  case  of  certain  nitric  acids,  because  of  their  low  stability  in  the  acid  and 

unpur  j-fiad 

may  give  rise  to  spontaneous  decomposition  of  the  resultant 
product,  which  is  frequently  accelerated  by  the  presence  of  nitric  oxides.  The 
spontaneous  decomposition  of  nitric  esters  is  usually  not  susceptible  to  being  stopped 


by  cooling,  and  it  terminates  »d.th  burning  or  even  an  explosion 


CHAPTER  X 


CHESCSTOY  AND  TECHNaOGY  OF  NITRIC  ESTERS 


'/lyoerol 

A.  taTOBrigi  Trinitrate 

Glycerol 

trinitrate  (nitroglycerin)  is  an  ester  of  glycerei  and  nitric  acid.  Its 


structural  formula  is 


CHjONOj 

! 

CHONO2 

I 

ch;ono.. 


The  designation  nitroglycerin  is  inaccurate,  as  this  compound  does  not  contain 

name 

nitro  groups  attached  directly  to  carbon,  but  the  aUJi  is  universally  accepted  and  has 
been  retained  in  technology. 

Nitroglycerin  is  one  of  the  most  powerful  and  sensitive  of  explosives,  and  its 
use  requires  particular  attentiveness  and  care. 

It  was  first  produced  by  Sobrero  in  1846  -  1847.  Despite  its  high  explosive  ' 

properties,  nitroglycerin  was,  for  a  long  time,  not  employed,  because  of  its  high 

impact 

stBBfc  sensitivity.  The  possibility  of  employing  it  was  noted  by  the  distinguished 
Russian  chemist  N,N, Zinin,  who  prepared  a  large  amount  of  MTUBgfl  nitroglycerin  and 
filled  grenades  with  it  in  1854  -  1855,  during  the  Crimean  War,  jointly  with  EC 
V,V,Petruahevskiy,  a  solitary  engineer. 

The  Swedish  engineer  Alfred  Nobel,  who  iZlX  visited  N,l, Zinin  in  1862,  became 

potential 

familiar  with  his  work.  Having  convinced  himself  of  the/future  BMMti  of  this  explosive, 

e 

he  built  a  plant  to  produce  nitroglycerin,  IX  after  his  return  to  Sweden  in  1863, 

In  1867,  Nobel  proposed  that  nitroglycerin  be  used  in  the  foftn  of  dynamite,  which  made 


30$  It  less  dangerous  to  handle.  That  narks  the  beginning  of  the  construction  if  enterprises 
for  nitroglycerin  production  in  the  najority  of  the  countries  of  Europe. 

In  an  article  titled  "On  Pyrocolloldal  PoMder",  the  great  Russian  cheidst 
D. I. Mendeleyev,  in  1893:  "Nitroglycerin 'was  first  used  by  the  distinguished  Russian 
chenlst  N.N. Zinin  during  the  Crimean  War,  and  then  by  the  V.V.Petrushevskiy  in  the  60*3, 
prior  to  its  Mill  use  by  the  inventor  and  developer  of  dynamite  and  other  nitroglycerin 
preparations,.’ Motoel"  (Bibl.l). 

N.Sadlvanovskly  has  written  in  greater  detail  With  respect  to  the  work  of 
N.N.Zlnln  and  V.V.Petrusnevskiy  (Blbl.2). 

At  first,  nitroglycerin  was  NX  employed  in  the  pure  form  for  mining,  and  also  in 
the  form  of  dynamites,  which  are  easier  to  handle  because  of  their  solid  condition  and 

greater  safety.  At  the  end  of  the  Ninethenth  Century,  A. Nobel  developed  a  pcwder  of 

» 

nitroglycerin  and  collodion.  Smokeless  IHHOU  powder  employing  nitroglycerin  as  a 

« 

base  has  high  ballistic  properties  and,  today,  virtually  all  nitroglycerin  goes  to  the 
production  of  smokeless  pcwder. 


Section  1.  The  Chemistry  of  the  Manufacture,  the  Properties,  and  the  Applications  of 


Nitroglycerin 


Nitroglycerin  is  the  ester  of  nitric  acid  and  glycerol,  obtained  by  the  equation 


CH.OH  CH2ONO. 

I  I 

CHOH  +  3HNOj  CHONO.  +  3H:0. 

I  I 

CH  OH  CHz'ONOj 


Theoretically,  NWIXMII  1  mole  glycerol  and  3  moles  nitric  acid  enter  into  the 

•  • 

nitroglycerin  formation  reaction.  Esterification  proceeds  in  sequence,  in  three  steps: 
the  first  yields  glycerpl  mononitrate,  the  second  glycerpl  dinitrate,  and  the  third 


576 


305  gljrcergl  trlnltrato.  One  hundred  parts^of  glycerol  should  yield  247  parts  of 

nitroglycerin.  In  practice;  this  yiMXIM  yield  Is  never  attained,  inasnuch  as  the 

*  a  certain  .aiaount 

esterification  reaction  1»  reversible,  as  a  consequence  of  which  Kawat*iirw«»wvw  of 

e 

iMconverted  glycerol  remains^!  as  well  as  products  of  inconplete  esterification;  glycerpl 

e 

e 

e 

Binnonltrate  and  glycerpl  dinitrate.  The  equilibrium  contents  of  all  these  reactions 

a 

depend  on  the  process  temperature,  the  quantity  and  composition  of  the  mixed  acid. 

In  order  iCKHUI  to  achieve  a  MX  maximum  nitroglycerin  yield,  20^  more  rtitric  acid 
is  employed  than  the  theoretically  necessary.  Usually,  esterification  is  performed  by 
a  mixture  of  nitric  and  sulfuric  acid.  The  maximum  yield  of  nitroglycerin  is  XX  obtained 

s 

>rtien  anhydrotis  mixed  acids  are  employed,  containing  50^  HNO3  or  more,  '^onpositions  of 

this  type  assure  that  the  volume  of  spent  acid  will  be  minimal.  This,  in  turn,  means 
there 

that  XKXjf  will  be  minimal  losses  of  nitroglycerin  with  the  spent  acid. 

3O6  It  has  been  found  (Bibl.3)  that  when  glycerin  is  esterified  with  mixed  acids,  the 

result  is  always  in  the  form  of  mononitromonosulfates,  dinitromonosulfates,  as  well  as 

« 

^nonitrodisulfates.  The  latter  two  readily  hydrolize. 

Tne  quantity  of  mixed  esters  depends  upon  the  composition  of  the  mixed  acid,  of 

the  conposition  of  the  spent  acid,  and  the  nitration  time. 

Spent  acid  containing  considerable  ^BXXX  water  (more  than  12;K),  induces 

saponification  upon  contact  with  nitroglycerini 

CjHj(ONO.)3+  HsO  :  -‘’CjUs  (ON02)2  0H  +  HNO,: 

CjH,  (ON02)j  oh  +  H2O  T-  C3H.  (ONOj)  (0H)2  +  HNO3. 

When  the  HNO^  content  of  the  spent  acid  is  low,  or  when  it  is  entirely  laoking, 
a  process  of  conversion  of  the  nitrate  ester  to  sulfate  ester  will  also  occur: 

C,.,H.(0N0;)3  +  3H2S04  rt  C6HJOS03H)3  +  3HN03, 
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306  In  connection  with  which,  the  yield  of  nitroglycerin  dininlshes  with  the  passage  of  tlM, 
as  is  evident  frcn  Table  97« 


Table  97 


1 

cj 

3 

221,06 

0,00  . 

30 

219,54 

4,. 52 

60 

218,30  j 

5,7(i 

120 

216,28 

7,78 

a)  Contact  time  of  nitroglycerin  and  spent  acid,  min;  b)  Nitroglycerin  yield,  gm,  per 
100  gm  glycerol;  c)  Reduction  in  nitroglycerin  yield,  ®n 

If  the  spent  acid  contains  less  than  12^  water,  and  more  than  8^  HNO3,  the  process 
of  saponification  virtually  fails  to  occur,  but  it  .is  merely^  simple  solution  of  the 

e 

nitroglycerin  that  takes  place. 

Under  industrial  conditions,  the  average  yield  of  nitroglycerin  is  227  -  231  gm 
per  100  gm  glycerfii  (91  -  9U%  of  the  theoretical). 

The  initial  raw  material!  for  production  of  nitroglycerin  are  glycerin,  which  in 
^his  case  is  terswd  dynamite  glycerlir,  sulfuric,  and  nitric  acids.  The  sulfuric  acid 
is  usually  2Q(  oleum,  and  the  nitric  acid  in  the  form  of  melange.  Before  it  is  enqsloyed, 
the  initial  acids  are  allowed  to  stand  for  10  -  20  days,  in  order  to  free  XU  them  from 
sediment,  which  may  IsqMir  the  conditions  of  separation,  in  the  process  of  production. 

For  a  long  time,  the  sole  source  of  glycei^M  was  animal  fat,  which  is  an  ester  of  ' 

f 

V* 

glycerin  and  fatty  acids.  The  fat  is  treated  with  caustic  soda  solution  to  obtain  the 
glycerin.  The  saponification  (or  hydrolysis)  reaction  occurs  when  this  is  done: 


578 


306 


307 


H,C  — OCOR'  HjC-Oli 

I  I 

HC  —  OCOR"  4-  SN’aOH  ->  HC  —  OH  -[  N'aOCOR'  +  NaOCOR"  +  NaOCOR'". 

I  I 

HjC  -  OCOR'"  HjC  -  OH 

The  reaction  products  are  glycei4»  and  fatty  acids  salts  >  soaps'. 

t  • 

In  1938,  a  method  of  obtaining  glycerin  from  propylene  (produced  when  petroleim 
is  cracked)  was  developed.  Glycerin  synthesis  from  propylene  goes  in  four  stages. 

1.  The  propylene  is  chlorinated  to  formation  of  allyl  chloride; 


cH.  cii-cii,  I  =  cii(;ii.,ci  I  iici. 

Chlorination  is  performed  in  a  steel  tube  at  500°,  with  a  large  propylene  excess 
|Zfi(  (4-7  volumes  propylene  per  volume  of  chlorine).  Under  these  ciroiUBstances,  it 
is  primarily  not  the  addition.product'^.of  chlorine  at  the  double  bond  that  are  obtained, 

but  products  of  the  substitution  of  one  of  the  KllXHyX  hirdrogen  atoms  by  chlorine, 

» 

without  saturation  of  the  double  bond.  The  chlorination  products  are  separated  by 
fractional  distillation, 

2,  Allyl  chloride  is  subjected  to  hydrolysis  by  a  alkali  solution,  with  the 

fonsatiOT  of  allyl  alcohol  as  a,  consequence: 

.  CH,  -=  CHCI IjCI  +  NaOl  I  —  CHj  CH  CHjOH  ^  NaCI  +  HjO. 


The  process  is  performed  in  continuous-process  autoclaves  at  70  -  100°,  under  pressure 
(due  to  the  high  volatility  of  allyl  chloride,  which  has  a  boiling  point  of  45°).  The 
5%  aqueous  .salt  solution  of  allyl  alcohol  obtained  goes  to  a  distillation  column,  in 
which  the  allyl  alcohol  is  driven  off. 

3.  Allyl  alcohol  converts  to  glycerol  MBUtWTimy  monochlorohydrin  by  the  effect 
of  the  gaseous  chlorine: 


|-»CH:  (OII)CH(OH)CHjC! 

cn..(()ii)(;ii -  f;H2-(-a2-}-n./)--  i-HCi. 

I-.  CHj  (OHjTCHClCHjOH 


579 


307  .  4.  The  formation  of  glycerol  by  hydrolysis  of  chlorohydrin  sulfate  solution  by 

•  • 

•  • 

strong  caiistlo  soda  solution: 

(OH) CH2CI  +  NaOH  CHjOHCHOHCH.OI  I  +  NaCI; 

CH.OIICHClCll,OH  +  Na01l  -- CH.OHCHOHCHiOH  +  NaCI. 

•  • 

The  glycerol  solution  obtained  is  XX  vaporizedr  under  vacuum.  The  total  yield*  of 

glycerol  froA  propylene  is  65  -  lOf,  of  theoretical. 

•  Glycerol  is  a  thick  oily  liquid  with  a  melting  point  of  18.2°,  vdiich  tends  to 

considerable  jaqHOEXXJUdSgpC  supercooling. 

The  degree  of  safety  in  the  esterification  process  and  the  yield  of  nitroglycerin 
and  ./ 

depend  upon  the  purity  fiC  quality  of  the  glycer'lfan  designed  for'^  production  of 
nitroglycerin.  The  following  major  specifications  have  to  be  met  by,  dynamite  glycerifi: 

aQarwiMmiiXMXixifXMiHBmigxnwmmxxxxinfWKXKyxatyMiamBxgTywnfm 

1)  water  content  of  not  over  1^; 

.  • 

2)  specific  gravity  at  15°  not  less  than  1.262; 

3)  absence  of  acrolein;  * 

4)  absence  of  sugar,  glucose  and  other  reducing  agents; 

5)  absence  of  proteins  and  fatty  acids; 

6)  glycerol  diluted  with  water  shoiild  have  a  neutral  reaction  on  lithmtis  paper. 
These  requirements  also  limit  the  qxiantity  of  ispurities  in  glycerol,.  insAwdiag 

such  as  trimethyleneglycol  (CH3-CH(W-CH20H),  polyglycerols  ( (il^CJH-CH0H-CH2"O-CH2**CH0H- 
CH2OH)  and  others,  »diich  reduce  the  yield  of  nitroglycerin. 

.  However,  in  the  esterifldation  of  dynamite  glyce:4a»,  which  sat^isfies  all  the  ' 
requirements  of  the  technical  conditions,  undesirable  phenoswnon  occur,  such  as  • 

-  *  *  e  * 

slow  and  incoiqplete  separation  from  the  spent  acid,  fonsatlon  of  a  stable  emulsion, 
poor  settling  out  upon  washing  and,  finally,  low  yield.  The  XX'  cause  of  this  may  bo 
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the  existence  of  Isqcurltles  not  found  In  testing.  TKinmHHfy«  Therefore,  before  glycerol 

. 

Is  placed  In  production,  a  saaple  production  of  nitroglycerin  therefroo.  Is  aade. 

To  do  this,  100  gs  glycerol  (50  gm  in  Germany)  Is  slourly  run  into  mixed  acid  of 

•  e 

the  following  composition:  60fL  H2SO4  and  kOi  HNO3  (in  Germany,  the  mixture  employed  is: 
55/S  HNO35  H2SO4  and  5^  SO3)  at  a  temperatune  of  23°  (30©  in  Germany).  The  process 

has  to  proceed  without  the  emission  of  brown  fumes.  Glycerol  run-in  is  performed  for 

20  min  (15  min  in  Germany)  and  separation  for  10  min.  The  separated  liquids  should  not 

^  • 

e 

contain  flakes  or  sediment.  Sej^ated  nitroglycerin  is  run  into  water,  washed,  and 
determination  of  yield  is  made.  If  the  quality  of  the  initial  glycerol  was 

satisfactory,  yield  should  be  not  less  than  XXXXKQiXXtXX  228  gm  (92.5^  of  theoretical), 
and  specific  gravity  not  under  1.590. 

Glycerol  mononitrate  is  an  intemk.'diate  product  of  glycerol  trinitrate  synthesis, 

and  is  therefore  found  therein  as  an  impurity.  As  a  consequence, of  its  high  solubility, 

•• 

the  bulk  remains  io  the  spent  acid,  while  the  rest  goes  into  the  wash  water  in  washing. 

It  has  no  technical  value  as  an  independent  product. 

Glycerol  mononitrate  is  a  colorless  viscous  oil  having  a  specific  gravity  of  l.Al 
at  15°.  It  exists  in  two  forms,  a  and  p,  which  apparently  have  the  following 
structure ; 

.  •  .  CHjOH  CHOH 

-.  h  ■ 

CHGH  a  ond  CHONOa  ? 

.  .  I  ■  • 

CH2ONO;,  CH..OH 

e 

Melting  point  58®  for  the  a -form  and  54®  for  the  p-fona. 

•  • 

_  is  miscible^ 

Glycerol  mononitrate  is  hi^ly  hygroscopic.  It  IfiCilKVith  mter  and 

OMM  ■  , 

ethyl  alcohol  in'biii  ratios.  It  is  not  soluble  in  ether  i  Chemically,  it  behaves  like 
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an  alcoho).  and  like  a  nitric  astar.  An  aqueous  solution  thereof  yields  a  neutral 

s  ♦*  . 

reaction.  .  _  •  •  •  •  , 

e 

Glycerol  mononitrate  nay  be  produced  by  saponification  of  glycerol  dinitrate  with 
hot  water. 

The  explosive  properties'  of  glycerol  mononitrate  are  very  weakl](  as  a  consequence 
of  the  markedly  negative  oxygen  balance.  The  heat  of  explosive  IfiqOBOKXXi  decoiiq)ositlon 
is  572  kcal/kg.  Expansion  of  the  liquid  product  in  a  Trauzl  block  is  75  oc.  It  is 
not  sensitive  to  shock. 

Glycerol  dinitrate,  like  glycerol  mononitrate,  is  an  impui'iiir  MX  glycerol  trinitrate, 

arjd  would  also  seem  to  be  an  intermediate  product.  Formerly,  when  nitroglycerin  was  • 

produced  with  weak  acids,  glycerol  dinitrate  was  obtained  as  a  by-product,  in  considerable 

quantity.  In  view  of  its  high  solubility,  it  was  found  in  the  spent  acid  and  in  the 

wash  water,  from  XX.  which  it  was  separated  by  extraction. 

■Glycerol  dinitrate  crystallizes  with  difficulty,  and  therefore  freezes  at  very  low 
■  of  up  to  50^  thereof  to’  ,  . 

ten^ratures.  Additions  MUXIMXMtfHOHBBMCCg  nitroglycerin  renders  this  product 
virtually  non-freezing  under  winter  conditinns.  A  shortcoming  of  glycerol  dinitrate  is 
its  high  solubility  in  water,-  which  complicates  manufacturing. 

Glycerol  dinitratqifxists  in  two  isomeric  forms: 

*•  •  .  ■  .  .  '  ’  .  CH20N0>  ■  ■  CHsOH 

CHOrt  a  and  CHONO2  P  •  *  , 

•  I.  .  ■  •  I 

.  •  •  CH2OXO.-  CH2ONOJ. 

.The  teohhical  product  is  a  mixture  of  these  Isoemrs  and  has  a  specific  gravity  of 

1.51  at  150.  Glycerol  dlnltrate'  is  a  viscous  colorless  oil  boiling  at  148°  and  15  an 

■vitreous  •  ,  '  . 

pressure.  At  -40O  it  solidifies  into  a  HBBBWi  mass.  Its  volatility  is  twice  that  of 
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30i  nltrogl/oarln.  Rljrcerol  dinitrate  has  a  burning  taste,  VL  Is  poisonous,  and  gires  * 
rise  to  headache*  It  Is  readlljr  soluble  In  ether,  acetone,  alcohol,  and  chloroform, 
but  Is  not  soluble  In  carbontetrachlorlde  and  gasoline.  At  15°,  8  gm  glycerol  dinitrate 
dissolves  in  100  gm  Mater,  whereas  10  gm  will  dissolve  at  50°.  The  product  dissolves 
readily  In  dilute  alkalies  and  acids.  In  strong  sulfuric  acid.  It  decoo^oses  into 

glycerol  mononitrate  and  glycerol  dilsulfate, 

.  .  iM 

Glycerol  dinitrate  will  pick  up  almost  10%  moisture  from  air  to  form  a  hydrate 

3C3H6N2O7  •  H2O  containing  3.2%  H2O.  When  the  latter  is  heated  to  40  -  50°  or  allowed 
309  to  stand  In  a  des^ic^tor  with  a  water  remover,  it  undergoes  dehydration. 

Glycerol  dinitrate  is  readily  converted  to  gelatin  by  collodion. 

In  its  explosive  properties,  glycerol  dinitrate  is  inferior  to  nitroglycerin. 

The  heat  of  explosive  decomposition  is  13<30  kcal/kg,  and  the  Trauzl  block  exp^siui 
is  500  cc. 

•Glycerol  dinitrate  rae.y  be  produced  in  the  esterification  of  glycerol  by  mixed  , 

•  . 

nitric  and  sulfurif  acids,  containing  nitric  acid  in  the  quantity  needed  to  introduce 

to  nltro  ester  groups.  However,  when  this  iiKXX  method  is  employed,  the  product  is 
contaminated  with  glycerol  mononitrate  and  glycerol  trinitrate.  In  order  to  produce 
pure  glycerol  dinitrate,  the  process  is  run  with  nitric  acid  alone,  toward  which  end 
glycerol  is  mixed  with  three  or  four  times  the  amount  of  concentrated  nitric  acid. 

Ihe  rate  of  esterification  of  glycerol  by  nitric  acid  alone  is  l'3ss  than  by  mixed 
UyOC  nitric  and  sulfuric  XX  acid,  and  equilibrium  seta  in  only  after  standing  for  a  long 
period.  Therefore,  after  glycerol  has  been  dissolved  in  concentrated  nitric  acid 
(specific  gravity  1.5),  the  solution  obtained  is  held  for  several  hours  (2-6  hrs) 

* 

so  as  to  bring  'the  reaction  to  caspletion.  Nitric  acid  should  contain  not  ZX  less  than 
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90!(  Bonohydrato  and  should  be  free  of  nitrogen  oxides. 


The  process  is  accoo^janied  by  agitation  and  cooling,  with  a  teaperature  osintained 
at  15  -  20°.  At  its  conclusion,  the  solution  is  decanted  into  chopped  ice  or  into  a 
mixture  of  ifie  and.  water,  and  marble  or  chalk  is  added  *until  CO2  emission  ceases.  As 
a  consequence,  the  calcium  nitrate  solution  resulting  is  so  concentrated  that  its 
specific  gravity  exceeds  the  specific  gravity  of  the  glycerol  dinitrate,  and  the 
latter  flows  IQHHCy  to  the  top. 

The  raw  product,  despite  complete  wnnOMTtltMif  neutralization  by  acid,  remains  acid, 
and  therefore  it  requires  iHtMlfT  stabilization.  Stabilization  is  performed  by  washing, 
at  40  -  50°,  with  a  table  salt  solution  plus  a  little  soda.  In  30^  XKTMKTiiiy  NaCl 


•  f  ^ 

solution,  the  solubility  of  glycerol  dinitrate  is  considerably  lower  than  water  (2  -  3% 

r 

instead  of  lOi?).  The  soda  is  removed  by  washing  with  fresh  salt  solution/  and  is 
then  recycled. 

e 

e 

Glycerol  dini-trate  is  hygroscopic,  and  is  dried  by  transmitting  a  stream  of 
air  through  the  heat  of  solution. 

Glycerol  trinitrate  (nitroglycerin)  is,  in  the  pure  form,  an  oily  colorless  and 
transparent  liquid.  The  technical  product  is  yellow  or  yellos»-bro»m  in  color,  depending 
upon  the  color  of  the  initial  glycerol. 

At  15  -  20®,  nitroglycerin  has  no  odor,  but  at  50®,  a  weak  and  distinctive^ sweetish 


odor  is  noticeable.  The  taste  of  nitroglycerin  is  sweetish  and  burning. 

The  specific  gravity  of  nitroglycerin  is  d^^  ■  1.596  [according  to  Lewis  (Bibl.4)] 
at  15®,  its  density  is  1.6009,  and  at  25®  it  is  1.5910  ga/ca?.  The  specific  gravity  of 


frozen  nitroglycerin  XU  is  1.735  (Its^volume  diminishes  by  8.26;C).  The  viscosity  of 


nitroglycerin  is  0.360  poises.  The  vapor  pressure  of  nitroglycerin  at  20®  is  01ii)pl5  mm. 
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and  St  60^  0.0060  am,  resulting  In  a  loss  of  0.45^  in  10  days  at  20°,  and  l.SSf  at  50°. 

The  XnX  heat  of  formation /yHp  <■  88.63  kcal/sule  (Bibl.5),  and  the  heat  of  sosdbustion 

A  • 

isAHp  *  1622  hai/gm  (Bibl.6). 

s 

e  • 

e 

Nitroglycerin  decoo^>oses  with  liberation  of  HNO3  when«steam>di8tllled. 

As  it  hardens,  nitroglycerin  may  form,  two  forms  -  a  labile,  and  a  stable.  They 

have  different  melting  points  and  tend  to  supercool.  ®ie  freezing  point  of  the  labile 

form  is  2.1°,  and  the  melting  point  is  2.8°i  The  corresponding  data  for  the  stable  form 

are  13.2°  and  13.5°.  The  heat  of  crystallization  of  nitroglycerin  in  the  stable  form 

■  .  of 

is  33.2  cal/gm,  and  that  of  the  labile  form  is  5.2  cal/gm.  The  heat  of  conversion  Z3BE 
the  labile  to  the  stable  form  Is  28.0  cal/gm  (Bibl.7). 

The  susceptibility  of  nitroglycerin  to  spontaneous  crystallization  is  very  low, 
and  its  susceptibility  to  supercooling  is  significant.  Us\ially,  cooled  nitroglycerin 
is  compelled  to  crystallize  out  by  seeding  it  with  a  crystal.  If  large  quantities  are 
Involved,  crystallization  sets  in  more  readily,  as  the  jMIinigny  possibility  of  formation 
of* centers  of  crystallization  increases.  Nitroglycerin  that  has  once  frozen  (if  it  has 
not  been  significantly  heated  upon  thawing)  will  freeze  rather  readily  without 
inoculation.  When  thawed  nitroglycerin  is  heated  to  50°,  the  tendency  to  supercooling 
is  again  noted. 

Chemically  pure  nitroglycerin  is  harder  to  solidify  than  technical  nitroglycerin, 
and  is  alamys  in  the  labile  form.  Tec:.nlcal  nitroglycerin  freezes  more  readily  and,  as 
a  rule,  XUX  in  the  stabld  form. 

The  labile  form  converts  to  the  stable  if  the  mixture'  is  agitated  with  a  gloss  rod, 

Hr 

>diile  in  the  quie^^l^ecndttien,  the  labile  form  graduelly  (within  ono  or  two  weeks) 
converts  to  the  .stable,  which  is  now  incapable  of  being  cMiverted  to  the  labile  without 
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first  being  snltad 


Crystals  of  the  labile  form  of  nitroglycerin  are  of  the  trlollnlc  system,  and 

(or^'lvrr  Di.'.b:  c  '.c.l. o  i i-il } 

those  of  the  stable  form  are  of  the  blpyramidalrhoinble^(Fig.91). 

L 

When  nitroglycerin.,  is  heated  over  60°,  spontaneous  increase  in  teo^rature  due  to 


decomposition  is  observed.  Upon  rapid  heating 


to  180°,  and  when  iron  brought  to  red  heat 


is  placed  in  contact  with  it,  nitroglycerin 


Fig. 91  -  Crystals  *of  Nitroglycerin 
of  the  Trlclinic  System  (Right)  and 
the  Bipyramldalrhonibic  (Left) 


explodes  (prior  to  the  discovery  of  th^ 


capsule  detonator,  explosion  of  nitroglycerin 


■was  inducijd  by  bringing  an  iron  rod  brought 


will  detonate  nitroglycerin. 


to  rtd  heat  in  contact  with  it).  Lightning 


Nitroglycerin  is  distinguished  for  its  high’  solubility  in  the  majority  of  organic 
solvents.  It  is  a  good  solvent  itself,  and  is  miscible  in  any  proportions  at  room 
temperature  with  methyl  alcohol,  acetone,  ethyl  ether,  aayl  acetate,  acetic  ether, 
glacial  acetic  acid,  benzene,  toluene,  xylene,  phenol,  pyridine,  nitrobenzene, 
chloroform,  dichloroethane,  etc.  The  ready  solubility  in  ethyl  ether,  chloroform,  amd 
dichloroethane  a^  employed  for  extraction  of  nitroglycerin  from  smokeless  powder  and 
explosive  mixtures  thanks  to  the  boiling  point  of  these  solvents  and  the  fact  that 
chloroform  and  dichloroethane  are  virtually  Ineoobustible .  Nitroglycerin  is  insoluble 
in  glycer^m. 

In  absolute  ethyl  alcohol  at  rocst  tesqwrature,  nitroglycerin  dissolves  with 
difficulty,  while  at  elevated  temperature  it  is  miscible  In  all  proportions.  The 
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310  solubility  of  nitroglycerin  diminishes  with  increasing  dilution  of  ethyl  alcohol  (it  is 
poorly  soluble  in  5C^  alcohol,  and,  with  further  dilution  by  wa+^er,  the  nttroglyoerin 
comes  out  of  solution  almost  completely. 

Nitroglycerin  is  difficultly  soluble  in  carbon  disulfide.  This  is  eaqoloyed  in 
analysis,  for  example,  in  the  separation  of  nitroglycerin  from  nitro  compounds  that  are 
readily  soluble  in  carbon  disulfidp. 

Nitroglycerin  readily  III  dissolves  nitro  compounds.  This  is  of  significance  in 
the  manufacture  of  plastic  and  gelatinized  explosives.  One  hundeed  grams  thereof  may 
retain  about  35  gm  dinitrotoluene  or  30  gm  TNT  in  solution  at  20°. 

Nitroglycerin  forms  low-melting  eutectic  mixtures  with  many  nitro  compounds.  This 
has  been  examined  in  detail  by  Urbanski  (Fdbl,7),  The  compositions  of  these  eutectics 
are  present  3d  in  Table  9S, 

Nitroglycerin  is  capable  of  dissolving  certain  types  of  nitrocelluloses.  Thus,  a 

mass. 

composition  of  2.5%  collodion  and  ^1,5%  nitroglycerin  is  a  gelatinous  jliimi.  Aromatic 

nitro  compounds  dissolved  in  nitroglycerin  facilitate  gelatinization.  This  property  is 

employed  in  making  smokeless  nitroglycerin  powder  and  gelatin  1X1  dynamites. 

with 

Nitroglycerin  is  readily  miscible  XX  many  nitric  esters.  Mixtures  thereof  with 
nitroglycol,  dinitroglycol,  dinitroglycerin,  and  dinitrochlorohydrin  are  of  high 

311  practical  significance  iX  for  the  manufacture  of  Im^freezing  dynamites. 

The  hygrcmcopicity  of  nitroglycerin  in  24  hrs  at  100(1  relative  humidity  is  0.12%. 
The  solubility  of  nitroglycerin  in  water  at  various  temperatures  is  (Bibl.6):  0.14  part 
in  100  parts  at  25°,  and  0.24  part  XI  at  60°.  Hydrolysis  sets  in  at  temperatures  in 
excess  of  80°  (Bibl.8). 
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Table  98 


1 

a) 

1  «  _  1 

C) 

'  i) 

•  1 

! 

tf) 

• 

d) 

e-) 

Nitrobenzene 

45,5 

1 

-15,2 

57,5 

-22.9 

Meta-dinitrobenzene 

82.5 

5,0 

88,0 

I  -5.4 

2,4-Dinitrotolurtne  j 

I  72.7 

6,1 

89,0 

-4.1 

2, 4 , 6-Tr ini tr ©toluene 

82.9 

6,3 

90,0 

!  -4.0 

Tetryl 

9,8 

94,0 

-0,6 

Hexogen 

12,3 

99,7 

1.2 

Nitroglycol  i 

abwt  .’II 

Dbcut*— 30  1 

abeut  —40 

PTEH  ' 

98,5 

12,3 

98.9 

+  1.3 

a)  Components  of  eutectic;  b)  Stable  form;  c)  Labile  form;  d)  Nitroglycerin  content 
in  eutectic,  %%  e)  Tenqjerature  crystallization,  “C 


Acids  dissolve  nitroglycerin  and  simultaneously  decoiq>ose.  Nitric  acid  is  emitted 

A 

•  • 

and  the  ester  of  the  corresponding  acid  is  formed,  as  this  occurs.  This  is  the  effect 

e 

of  sulfuric  acid,  for  example.  Concentrated  nitric  acid  is  miscible  with  nitroglycerin 
in  all  proportions,  and  the  solutions  obtained  deconpose  rapidly  as  a  consequence  of 
the  oxidizing  effect  of  nitric  acid.  In  cold  hydrochloric  acid,  nitroglycerin  is 
insoluble,  but  upon  heating  decomposition  sots  in  gradu^ly  with  formation  of  nitrosyl 
chloride. 

■  has  not 

Nitroglycerin  that  lUL  been  washed  free  of  acids  decooQwses  readily,  and  this  is 
revealed  by  the  fact  that  iir  turns  green  (representing  the  appearance  of  nitrogen 
oxides  in  solution).  Nitroglycerin  going  to  the  production  of  dynamite  and  smokeless 
pcwders  must  not  contain  even  traces  of  acid.  Alkalinity  of  no  more  than  0.001^  is 
permissible. 

*  Nitroglycerin  is  an  ester  by  nature.  VAien  reduced,  it  forms  glycer^,  and  is 
readily  saponified  by  caustics,  forming  glycerates  and  other  by-products  when  this 


occurs. 
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311*  A  characteristic  reaction  for  nitroglycerin  Is  the  effect  of  an^ine  and  sulfuric 

acid  thereon,  causing  a  purple-red  coloratloti,  »rtiieh  converts  to  green  when  water  Is 
added. 

Nitroglycerin  la  as^ly  stable  at  room  temperature,  but  begins  to  decompose  when 
heated  to  over  50®.  The  decomposition  products  are  nitrogen  oxide,  glyceric  acid, 
oxalic  acid,  etc.  If  large  amounts  of  nitroglycerin  undergo  decomposition,  the  process 
may  terminate  in  an  explosion. 

Nitroglycerin  is  extraordinanily  poisonous  {Bibl,9),  and  therefore  the  rules  of 
safe  handling  must  be  rigorously  adhered  to  in  working  with  it,  . 

The  explosive  properties  of  nitroglycerin  are  explained  by  its  chemical  structure. 

It  has  a  positive  oxygen  balance  (3.5^)  and  is  one  of  the  most  powerful  explosives. 

The  explosive  decomposition  of  nitroglycerin  may  be  induced  by  heating,  by  mechanical' 

312  action  (shock  or  /riction),  and  by  the  effect  of  a ‘detonating  cap.  It  detonates  whfen 
heated  rapidly  (to  200®), 

Nitroglycerin  is  highly  sensitive  to  mechanical  effects.  In  this  respect  it 
approximates  the  initiating  high  explosives  and  the  perciission  ccnpounds,  and  therefore 
its  transportation  is  dangerous.  Nitroglycerin  prociuction  installations  are  always  part 
of  the  plants  in  which  it  is  used  to  manufacture  powder  or  dynamite.  In  extreme 
necessity,  the  iti  nitroglycerin  may  be  transported  in  the  form  of  solution  (Bibl.lO). 

a 

Nitroglycerin  detonates  readily  when  iron  strikes  iron,  or  porcelain  strikes  porcelain. 

a 

When  frozen,  it  is  less  shock  sensitive,  out  more  sensitive  to  friction,  and  therefore 
considerably  more  dangerous. 

Detonation  of  -  nitroglycerin  may  be  caused  by  a  weight  of  2  kg  dropped  from  a  height  . 
of  4  cm.  Heat^^  nitroglycerin  is  even  more  shook  sensitive,,  It  explodes  upon  bullet 
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312  liqMict 


Nitroglycerin  is  romparatively  insensitive  to  detonation:  a  No.8>cap  is  required 

a 

to  bring  about  eoBplete  explosion. 

The  heat  of  explosion  of  nitroglycerin  is  1480  kcal/kg,  the  flash  point  is 

200  -  205®,  and  the  volinse  of  gaseous  explosion  products  716  liter/kg.  In  a  lead 

ml 

XfifXXK  block  it  causes  550  ji^~^pansion  (Blbl,6}. 

The  velocity  of  detonation  of  liquid  nitroglycerin  depends  upon  the  test 
conditions,  and  chiefly  upon  the  material  and  diameter  of  the  tube  in  which  it  is 
packed,  as  well  as  igjon  the  initial  impulse.  Under  the  usual  test  conditions,  the 
velocity  of  detonation  M  does  net  exceed  1100  -  2000  m/sec,  but  when  tested  in  a 
steel  tube  of  25  nw  diameter,  it  is  8000  -  8500  ro/sec.  K.K. Andreyev  and 
A.Dserschkowitsch  (Bibl.ll)  obtained  a  velocity  of  detonation  of  the  stable  form  of 
nitroglycerin  of  9150  m/sec  when  it  was  exploded  in  a  steel  tube  of  22  mm  diameter 
by  a  No. 8  detonating  cap. 

The  same  pronounced  dependence  upon  conditions,  and  particularly  upon  the 
initiating  impulse,  is  observed  in  determining  the  brisant  effect  of  nitroglycerin. 
When  exploded  by  a  cap  of  fulminating  mercury,  nitroglycerin  causes  18.5  mm  upset  of 
a  lead  cylinder.  A  tetryl  azide  cap  causes  complete  destruction  of  the  cylinder, 
which  testifies  to  the  powerful  OaUDOl  crushing  effect  of  this  substance. 

Section  2,  Technology  of  Nitroglycerin  Production 

The  production  of  nitroglycerin  with  subsequent  separation  from  the  spent  acid 
is  one  of  the  moat  dangerous  operations  in  chemical  technology.  Particularly  careful 
monitoring  both  of  the  raw  material  and  of  the  equlpaent  is  required.  A  necessary 
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313 


S4fet^  eondltlonu  is  proelse  adharenoa  to  tha  taehnologjr  and  the -working  rules,  which 
Bust  be  carried  out  by  highly  skilled  workers  and  well-trained  engineers  and  technicians. 

®  s 

However,  the  poaslbllity  of  explosion  in  nitroglycerin  production  is  still  1(pt  tot 

e 

cooplstaly  ruled  ot^t  thereafter.  A  fundamental  solution  of  the  problem  of  safe  working 
conditions  for  personnel  in  this  field  is  attainable  only  by  completely  automatic 
BonitBrlng  and  remote  control. 

Batchwise  Processes 

During  the  past  century,  nitroglycerin  was  produced  by  a  number  of  methods :  the 
Copp  method,  the  method  of  Bouthmie  and  Fochet,  and  the  Nobel  method. 

The  Nobel  method  is  used  in  some  countries  to  this  day.  Thus,  in  Germany,  this 
was  the  method  usa-l  to  produce  nitroglycerin,  nitroglycol,  and  diglycoldinitrate  at 
one  of  the  largest  plants  in  Germany  (the  Rheinsdorf  Plant)  during  World  War  II. 

e 

Under  the  Nobel  process,  esterification  of  the  glycerol  is  performed  in  a 

cylinds^cal  nitrator  having  a  conical  bottom,  from 
which  a  drain  pipe 'with  a  three-way  cock  depart* 
(Fig. 92).  Coils  to  deliver  coolant  water  are 
provided  in  the  nitrator.  Agitation  of  the  nitro 
mass  is  by  compressed  air  Introduced  through 
narrow  tubes,  one  of  which  approaches  the  cone 
bottoms  The  nitro  mixture  is  run  into  the  nitrator 
until  it  is  half  full,  after  thp  apparatus  has  been 
inspected,  and  the  top  has  been  lubricated  with 
vaseline.  The  entire  process  of  nitroglycerin 

*  7 

production  is  performed  in  accordance  with  the 


ignauntnan  mijUHnareimtnqi 


Fig. 92  -  Nobel  Nitrator 
a)  Glycerol;  b)  To  ventilatlai; 
c)  Compressed  air;  d)  To 
emergency  vat;  e)  To  separator 
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MOhanlu  depleted  in  rig. 93 


-  C  'S-  s;e«l) 

From  the  c€wt  rtuel  storage  ;  (l),  a  mixed  acid  consisting  of  55/*  HNO3  and  45/<  HjSO^ 

goes  to  a  vessel  resting  on  scales  (2),  and  after  weighing  (1290  kg  per  batch),  a  pump 

'>  Hv 

delivers  it  to ^pressure  tank  (3),  and  then  to  stainless-steel  nitrator  (4),  in  which 
it  is  cooled  to  0  -  5°  while  agitated  by  XXji  eon^ressed  ajj  (at  about  2  atm).  The 
cosgnressed  air  used  for  stirring  arrives  frcm  a  compressor  (18), 

Cooling  of  the  nitrators^by  a  system  of  coil  condensers  of  stainless  steel  within 
the  appi.ratus,  and  the  salt  solution  is  driven  through  these.  The  solution  is  puoped 


Fig. 93  -  Diagram  of  Nobel  Ifethod  of  Production  of  Nitroglycerin 
1  -  Mixed  acid  storage;  2  and  7  -  Scales;  3  -  Pressure  tank;  4  -  Nitrator; 

5  -  Glycerol  storage;  6  -  Rising  device;  8  -  Glycerol  atoralzer;  9  -  Separator; 

10  -  Emergency  vat;  11  -  Preliminary  cashing  vat;  12  -  Ceramic  pots;  13  -  Settling 
vessels;  14  -  Washing  vats;  15  -  Filter  tables;  16  -  Boxes;  17-  Trap;  IKS 
18  -  Compressor;  19  -  Vaporizer;  20  -  Condenser;  21  -  Plungerccospressor; 

22  -  Absorption  column 

through  tubes  from  the  refrigerating  device  consisting  of  cospressor  (21),  vaporizer  (19), 
and  co^enser  (20).  The  te^)erat\ire  of  the  salt  solution  is  between  -5  and  -10*’. 

From  storage  (5),  the  glycerol  is  transferred  through  pipes  by  cospressed  air., 
actuated  by  rising  device  (6),  to’  the  tilting  vessel  (a  wooden  box  lined  with  lead  )  in 
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313  th«  nitration  phop.  It  stands  on  scales  (7).  The  glycerol  is  weighed  (a  single  operation 

314  esqaloys  280  kgj  but  in  Italy,  England,  and  gi  the  USA  up  to  600  kg}ls  es^loyed),  and  is 
charged  into  a  lifting  device.  Conpressed  air  (at  about  2  atm)  sencbthe  glycerol  to 
the  atomizer  (8),  of  stainless  steel,  from  which  it  enters  (in  atomized  form)  the  mixed 

•  acid  in  nitrator  (4).  The  rate  ax,  which  the  glycerol  is  run  in  is  controlled  by  the 
temperature  of  the  reaction  mass. 

The  glycerol  is  run  into  the  nitro  mixture  at  a  temperature  of  0  -  15°,  in  30  min 
time.  Esterification  at  low  temperature  makes  it  possible  for  the  run-in  to  go  even 
more  rapidly,  and  makes  for  a  higher  nitroglycerin  yield.  However,  the  danger  of  local 
freezing  appears.  If  the  apparatus  is  water-cooled,  the  run-in  is  extended  to  50  min, 
even  if  the  ruh-»in  of  glycerol  to  the  nitro  mixture  is  performed  in  the  10  -  30“ 
temperature  intervals.  The  increase  in  the  process  time  not  only  reduces  the 
productivity  of  the  system  but  intensifies  the  danger  iX  involved,  inasmuch  as  the 
probability  of  spontaneous  decomposition  of  the  nitroglycerin  rises. 

If  the  temperature  rises  above  30°,  the  reaction  mass  is  immediately  duqjed  into 
emergency  vat  (10)  to  avoid  decomposition  or  explosion.  Here  it  is  mixed  with  five 
times  the  amount  of  water. 

ti 

At  conclusion  of  esterification,  the  reaction  mixture  is  cooled  10“, subsequent  to 

yui'  •  ’ 

which  it  is  transferred  to  separator  (9)  (stainless  steel).  The  nitroglycerin  emulsion 

separates  into  layers  in  the  spent  acid  in  the  absence  of  agitation  (this  tsdces  about 

30  min).  The  nitroglycerin  flows  to  the  top,  and  the  spent  acid  settles  at  the  bottom. 

of 

Two  layers  form.  Separation  XUM  nitroglycerin  from  spent  acid  requires  about  30  min. 

The  rate  of  stratification  is  determined  to  a  considerable  degree  by  the  difference 
between  the  specific  gravities  of  the  liquids.  The  specific  gravity -of  nitroglycerin. 
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314  as  has  already  been  Indloated,  is  XX  1.6  at  15°i  and  the  specific  gravity  of  the  spent 
acid  is  1.7  (the  cos^iositlon  thereof,  for  various  mixtures,  XXXUQOEXX  fluctuates  within 

e 

the  following  limits:  70  -  lk%  H2SO4}  9  -  10)i  HNO3;  15  -  19^  H2O  and  2  -  2.5;« 
nitroglycerin).  The  difference  between  the  specific  gXHfllijfTKX  gravities,  which  is 

s 

0.1,  is  adequate  for  comparatively  XX  rapid  separation  of  the  liquids  if  the  initial 

’  products  are  pure.  However,  the  tisual  type  separation  is  interfered  with  not  only  by 

that 

the  high  degree  of  emulsification  KXX  the  liquids  have  undergone  as  a  result  of 
agitation  by  air,  but  also  as  a  consequence  of  impurities  entering  with  the  glycerol 
and  acids.  Under  unfavorable  conditions,  separation  nay  take  considerably  longer. 

The  time  required  for  separation  is  affected  by: 

1)  the  temperatiffe  of  the  mixture  (a  rise  in  temperature  facilitates  separation); 

2)  the  shape  of  the  XXXji  separator  (an  emulsion  layer  of  small  height  facilitates 
separation); 

3)  the  amouht  of  charging  (largo  quantities  XXX  separate  comparatively  more 
rapidly) ; 

4)  the  in^>urlties. 

Utilization  of  the  first  factor  -  rise  in  tesq>erature  -  .is  impermissible  as  a 
means  of  accelerating  separation  in  nitroglycerin  manufacture  because  of  the  low 
stability  of  the  acid  product.  The  second  factor  -  the  form  of  the  separator  -  is 
usually  taken  into  consideration.  Separators  are  made  of  low  height,  or  sJamdsHe  au'e 
introduced  therein,  with  the  purpose  of  reducing  thickness  of  the  layer  of  emulsion 
undergoing  separation. 

The  iagnirities  content  of  the  initial  products'  is  limited.  There  are  'special 


594 


314  siMeijricationa  for  grynnffn  glycerol,  as  m  have  indicated  above.  The  acids  to  be  used 

•  • 

in  the  Aaking  of  the  nitrating  nixture  are  allowed  to  stand  to  settle  out  l^>uritles. 

Slid  at  least  two  days  are  provided  for  this. 

To  reduce  the  separation  tisie,  a  slight  amount  (0.05  -  0.2^  of  the  weight  of  HjHilKI 
glycerol)  of  special  additives,  such  as  saturated  hydrocarbons  (paraffin,  vaseline, 
paraffin  oil)  are  Introduced  mMHffJYCTiiYXiMYmrYnnt  into  the  reaction  mixture  toward 

315  the  end  of  esterification.  By  changing  the  surface  tension  they  accelerate  the 
separation  of  the  emulsion  and  make  it  easier  for  the  drops  of  nitroglycerin  to  float 
to  the  top  (the  XXZZiiOEX  influence  of  a  floatation  effect  cannot  be  ruled  out  here). 

s 

In  the  process  described  here,  70  gm  talc  is  added  for  this  purpose.  It  goes  without 
saying  that  these  additives  must  be  indifferent  with  respect  to  the  nitro  mass,  and 
that  they  are  removed  by  water  when  the  nitroglycerin  is  later  washed. 

To  eliminate  colloid  silicates,  which  also  render  separation  difficult,  IHW  Naoum 
(Bibl.l2)  reconsnends  that  hydrofluoric  acid  or  NaF  be  added,  inasmuch  as  they  decompose* 
silicates  in  accordance  with  eqiution 

4NaF  +  SIOH-2H2SO^  -  •  SlV\  +  2Na:SO,  +  2H2O. 

The  formation  of  bubbles  of  SIF4  gas  also 'substantially  promotes  T<qH««HiifMf«T 
separation  in  this  situation.  Therefore,  it  is  recommended  that  NaF  be  introduced 
into  the  nitro  mass  directly  before  separation  in  order  for  it  to  function  most 
effectively. 

The  acid  nitroglycerin  is  transferred  from  separator  (9)  into  the  preliminary 

■  - 

washing  vat  e#  stainless  steel  (11),  filled  half-way  with  cold  water.  If  the 

•  ■  lei  ting 

temperature  in  the  separator  begins  to  rise,  the  nitroglycerin  is  cooled  by’QHKWfili’ 

into  '  ^ 

salt  solution lafethe  coils.  If  noticeable  decomposition  of  the  nitro  products  sets 
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In,  it  Is  quickly  dUB{>ad  into  the  eaergeney  vat  (10) 


The  nitroglycerin  flowing  out  of  the  separator  contains  up  to  ICgt  acid,  the 
coiq>osition  of  which  does  not  correspond  to  that  of  spent  acid.  Nitroglycerin  holds 
in  solution  primarily  nitric  acid  (4  parts  HNO3  per  1  part  H2SO4),  while  9  parts  H2SO4 
are  required  in  the  spent  acid  per  1  part  HNO3.  The  bulk  of  the  acid  is  washed  out 
with  water  in  the  preliaiinary  washing  vat,  while  removal  of  the  residue  requires  very 
intensive  cleaning  processes. 

vat 

Washing  of  the  acid  .nitroglycerin  in  the  preliminary  wash  |US  (11)  takes  5  oin. 

e 

The  bulk  of  the  acid  is  washed  out  under  these  conditions.  If  necessary,  the  vat 
may  be  cooled  with  water. 

The  acid  fumes  (up  to  2%  nitric  acid  enters  the  ventilating  system)  emitted 

from  nitration  apparatus  (4),  separator  (9),  and  preliminary  washing  vat  (11)  along 
with  the  current  of  air,  are  directed  to  absorption  tower  (22)  (ceramic)  where  they 
are  absorbed  by  water. 

The  nitroglycerin  that  has  thus  had  its  first  washing  is  sent  to  the  final  washing 
shop  through  pipas,  in  the  form  of  an  aqueous  q^nulsion,  which  is  created  by  5-ainute 
strong  mixing  of  the  nitroglycerin  with  water. 

Three  hundred  liters  of  k%  soda  solution  and  XK  all  the  nitroglycerin  produced 
are  charged  into  washing  vat  (14)  (lead-lined  wood).  The  vat  contents  are  agitated 
with  air.  Washing  continues  for  20  min  at  40°.  The  product,  separated  trcm  the 
wash  water,  is  sent  to  filtration  to  remove  slimy  isqnirltles  and  other  foreign  matter. 

Filtration  of  nitroglycerin  is  through  flannel  a  filtering  table  (15)- (lead- 
lined  wooden  boxes).  Ihe  filtered  product  is  stored  in  wooden  boxes  (16),  lined  with 
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315  lead,  and  is  filtered  again  before  use.  Nitroglycerin  goes  froB  the  filterlngc'departasnt 

to  the  alxlng  shop  of  the  dynasdte  or  poNder-aanufacturing  Operation. 

The  acid  wash  water  separated  from  nitroglycerin  in  the  preliminary  washing  vat  (11), 

I 

goes  to  a  trap  installation  having  two  rcws  of  traps  (1?)  (stainless  steel).  The 
nitroglycerin  collected  in  the  traps  is  sent  to  washing  in  the  washing  shop. 

316  After  separation  of  the  nitroglycerin,  the  acid  wash  water  from  WXMK  the  trap 

-K  * .  '  _ 

goes  to  rising  device  (6)  (stainless  steel),  from  which  it  is  sent  through  pi^es  to  the 

.k 

destructive  distillation  column. 

Spent  acid,  850  kg  in  quantity,  goes  to  further  settling  in  ceramic  pots  (12),  and 
from  there  to  settling  tanks  (13),  where  it  is  held  for  48  hrs,  whereupon  the 

nitroglycerin  that  has  settled  out  is  again  separated  off  and  washed,  and  the  acid  is 

'  '  ri  ser 

raised  by  (6)  to  the  destructive  distillation  column,  where  the  acid  waters  from  the 
•  •  preliminary  washing  pot  also  go. 

Two-stage  settling  of  the  spent  acid  makes  it  possible  to  increase  the  yield  of 
nitroglycerin,  but  at  the  expense  of  a  constant  danger  of  decoiq?osition  in  the  settling 
coluans . 

The  yield  of  nitroglycerin  is  about  9k%  of  theoretical. 

In  1943,  the  Rheinsdorf  Plant  made  6510  tons  of  nitroglycerin.  The  materials 
consumed  per  1  ton^  of  nitroglycerin  mere  as  follows: 


ol 

Glycerlct  . .  429.7  kg 

Nitro  mixture  . . 1982.5  kg 

Recovered  after  treatment  of  spent  acid: 

sulfuric  acid  ......  .  ....  919.4  kg 

nitric  acid . . . .  .  253.9  kg 

Steam . :... . .  1950  kg 

Electric  power  81.90  kwh 

Water  . . ' . . .  57.68  b3 

Air.  . . .  . .  273.1 
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Th«  Nobel  Bsthod  has  nsnjr  inadequacies,  The  most  ioportant  of  these,  aside  froB 


the  fact  that  the  process  ^s  batch-wise,  is  the  presence  of  cocks  on  the  nitroglycerin 
trsmsfer  pipes  and  the  need  to  have  the  nitrator  high  up  in  the  work  area  so  as  to 

s 

provide  gravity  flow  of  the  nltro  mass  Into  the  separator.  These  design  features 
significantly  increase  the  danger  of  the  work. 

a 

The  batch-wise  method  of  nitroglycerin  manufacture  developed  by  Nathan,  Thompson 
and  Rintula,  first  applied  industrially  in  1904,  is  still  employed.  This  method  is 


somewhat  more  aidvanced  than  Nobel's  method.  Its 


chief  advantages  are  ccmpactness,  the  use  of 
clanqas  instead  of  cocks  on  the  nitroglycerin  lines, 
and  the  continuous  pressure  transfer  of  the 
nitroglycerin  p.ayering  out  during  separation,  into 
the  preliminary  washing  vat.  This  eliminates  the. 
accumulation  of  large  quantities  of  unwashed  (and 
consequently,  MX  of  unstable)  nitroglycerin  in 


Fig.  94  -  Nitrator  and  Separator 

a)  Hlxed  acid  or  spent  acid; 

b)  Glycer^a;  c)  Compressed  air; 
d)  Nitroglycerin;  e)  Spent  acid; 
f)  To  emergency  vat 


the  separator,  and  that  reduces  the  danger  of  the 
operation. 

The  compactness  of  the  equipment  en9>loyed 
in  this  method  is  due  to  the  fact  that  esterification 


and  separation  are  perfomed  in  the  same  apparatus. 
The  apparatus  (Fig. 94)  is  a  cylindrical  vessel  with  a  sloping  bottom  making  an  acute 


angle  with  the  vertical  wall,  and  a  conical  vq>per  portion.  A  vertical  tube  for  acid 


•  ■ 

delivery  reaches  to  the  bottom.  Three  pipes  attached  to  this  tube,  each  at  a  distance 

A 

One  connects 

of  30  cm  from  the  bottom,  iqyfiiyiw—  the  nitrator  to  pressure  tanks  for  mixed  acid 
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316  snd  spent  acid,  a  second  to  the  spent- acid  receiver,  and  a  thirdc'.to  the  eaergency  vat. 

The  tube  is  carried  30  cb  belcw  the  bottom  so  that  the  nitroglycerin,  >dien  agitated, 

cannot  under  any  conditions*  enter  the  rising  portion.  The  upper  portion  of  the 
terminates 

nitrator  dlMUKPHt  in  a  viewing  glass  and  a  tube  Joined  to  the  preliminary  nitroglycerin 

317  washing  tank.  The  nitrator  is  provided  vdth  a  coil,  a  thermometer,  and  tubes  for 
leading  In  the  compressed  air. 

Esterification  is  performed  in  the  nitrator  in  the  usual  manner.  The  nitro 
mixture  is  charged  into  the  lower  portion,  through  a  tube,  and  glycer^  is  delivered 
from  above.  At  the  end  of  the  process,  agitation  by  air  is  cutoff,  and  separation 
begins.  The  appearance  of  a  layer  of  nitroglycerin  is  HX  watched  through  the  viewing 
glass.  As  soon  as  such  a  layer  appears,  the  nitroglycerin  that  settles  out  is 
continually  driven  into  the  preliminary  washing  tank  by  spent  acid  delivered  through 
the  sasie  tube^whlch  the  nitro  MXJBUXXXXX  mixture  was  charged  in.  This  method  of 
separation  is  more  in  accord  with  the  requirenuints  of  safety.  The  spent  acid  is 
loft  in  the  nitaator  over  night,  and  this  reduces  corrosion  thereof. 

A  schematic  diagram  of  the  method  of  producing  nitroglycerin  by  the  Nathan, 

Thompson,  and  Rentula  procedure  is  illustrated  in  Fig. 95. 

The  starting  mixture  is  prepared  in  advance.  Usually,  mixtures  of  the  following 
composition;  US  -  50^  HNO3;  47  -  51/^  HjSO^,  and  no  more  than  1^  HgO  are  employed. 

The  mixture  is  permitted  to  stand  for  not  more  than  2  days.  The  q\iantity  employed  is 
computed  so  that  the  excess  of  HNO3  over  the  theoretical  will  be  20  >  22^  in  the 
susBMr,  and  18  >  20JK  in  the  winter.  The  bath  module  is  5:1. 
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317 


Before  esterification,  the  glycer^  is  heated  to  45  -  50°  and  weighed  on  the 
m  declaal  balance. 


Flg..95  -  Diagraa  of  Nitroglycerin  ^  Production  by  the  Nathan,  Thcanpson, 
and  Rentula  Method 

1  -  Nitratorj  2  -  Glycer^  MX  metering  tank;  3  -  Mixed  acid  metering  tank;  4  -  Spent 
acid  metering  tank;  y  -  Rising  device;  6  -  Preliminary  washing  tank;  7  -  Water  tank; 

8  -  Emergency  vat 

a)  Compressed  air;  b)  Absorption  systeg;  c)  Nitroglycerin  to  final  washing; 

d)  Wash  water 


Before  the  process  begins,  the  equipment  is  checked  to  make  sure  that  it  is  in 
good  order,  the  nitro  mixture  is  charged  into  the  nitrator,  and  it  is  cooled  to  6  -  12o. 
Then,  delivery  of  glycerin  through  a  jet  nozzle  is  begun.  Run-in  of  the  tQHnttMX 
glycerin  is  performed  so  that  the  ten^rature  of  the  nitrator  content  will  rise  to 
23°  in  10  min,  subsequent  to  which  it  is  held  constant. 

After  run-in  of  the  glycerla  is  completed,  agitation  for  5  min  is  performed,  and 
the  nitro  mass  is  cooled  to  17  -  18°,  following  which  delivery  of  conpressed  air  is 
cutoff,  and  separation  begins.  When  this  is  done,  the  eookfbr  axhaission  of  spent  acid 
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is  opsnsd,  the  spent  sold  raises  the  nitroglycerin  layer  to  the  run-off  trough^  through 
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which  it  goes  to  the  prellalnary  washlig  apparatus  filled  with  water  at  1$  -  17°>  and 
having  closed  air  agitation. 

Washing  and  filtration  are  perfonued  in  virtually  the  same  way  as  with 'the  Nobel 
process. 

Safety  techniques  In  MOM  batch-wise  processes.  The  major  condition  for  safety 
in  nitroglycerin  production  is  purity  of  the  starting  material.  As  already  indicated, 
particularly  regular  specifications  must  be  met  by  the  glycerol.  Proper  composition 
of  the  mixed  acid  exercises  a  significant  effect  upon  the  level  of  danger,  and  therefore, 
this  acid  is  subject  to  careful  analysis  before  being  permitted  to  go  into  production. 

The  danger  of  the  process  also  depends  upon  the  design  of  the  apparatus.  For 
example,  a  very  important  detail  of  the  apparatus  is  the  agitating  device.  Even  when 
there  are  several  tubes  to  deliver  air,' compressed  air  does  not  suffice  to  provide 
adequate  agitation  in  all  parts  of  the  apparatus.  The  formation  of  dead  zones,  as 
well  as  cessation  of  agitation  with  the  reaction  XXXMB^U  inecoplete,  particularly 
during  the  run-in. period,  gives  rise  to  local  overheating,  constituting  centers  of 
decomposition,  and  is  therefore  impermissible. 

Should  agitation  cease  and  should  there  be  no  possibility  of  resuming  It 

Innsdiately,  run-in  of  the  coagsonents  must  be  stopped,  and  the  apparatus  contents 

poured  into  the  emergency  vat. 

»  * 

Leakage  of  water  by  the  coll  ia  particularly  dangerous,  as  this  may  give  rise  to 
pronounced 

miJiXZU  local  overheatings.  In  order  to  prevent  water  tram  OOCOfOMMl  a  damaged  coil 
to  enter  the  nltro  mass,  the  water  must  enter  the  ooil  not  under  pressure,  but  by 
suction.  Moreover,  preventive  nsasuret  to  avoid  ooil  Isaksge  are  Therefore 
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318  the  coll  is  tested  once  a  day  to  sake  sure  it  Is  mterproof.  Usually,  the  coll  is 

a 

left  overaight  vdth  the  discharge  cock  closed,  and  under  pressure,  and  is  checked  in 
the  morning.  It  Is  not  recoasended  that  the  work  be  run  days  on  end  in  a  single 
apparatus. 

Cessation  of  delivery  of  water  into  the  coil  during  component  run-in  inmediately 
causes  the  mass  to  overheat,  and  this  is  impermissible.  Therefore,  if  it  is  impossible 
to  resume  cooling  at  once,  and  if  the  reaction  has  not  gone  to  completion,  run-in  of 
the  components  must  be  stepped  and  agitation  increased,  with  observation  of  temperature. 
If  the  tenperature  rises  to  30°,  the  nitrator  contents  must  be  dusped  into  the  emergency 
vat. 

When  the  process  goes  normally,  the  temperature  of  the  nitro  mass  ri^esx^ 
smoothly  and  is  readily  controllable  by  the  r-:.te  of  glycerol  run-in  (with  simultaneous 
cooling  by  water  or  brine  delivered  into  the  coil).  If  the  process  goes  abaormally, 
the  temperature  rises  in  Jumps  and  this  will  testify  to  the  existence  of  local 
overheating.  If  this  occurs  agitation  is  increased.  If  the  tenperature  continues  to 
rise  it  is  necessary,  without  waiting  for  the  mass  to  heat  to  30°,  to  dump  the 
apparatus  contents  into  the  emergency  vat,  having  first  disconnected  glycerol  delivery. 

Separation  is  the  most  dangerous  operation,  inasmuch  as  the  acid  nitroglycerin  is 
of  low  stability  and,  in  the  absence  of  agitation,  local  overheating  may  arise,  IK 
resulting  in  deconposltion  of  the  nitroglycerin.  These  processes  may  arise  most 
readily  if  the  reaction  has  not  gone  to  conpletlon,  and  in  the  presence  of  incomplete^ 
denitrated  glycerol  Ki  or  strong  spent  acid.  For  this  reason,  retention  of  the 
nitroglycerin  in  the  separator  is  particularly  dangerous. 
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If  the  t«Bi{>erat\ire  In  the  aeparator  should  rise  spontaneously,  It  is  necessary  to 

e 

start  agitation,  and  If  this  measure  does  not  reduce  the  temperature,  the 
separator  contents  must  be  dumped  into  the  emergency  vat. 

In  any  instance  in  which  danger  arises  and  the  need  to  dusq?  the  nltro  mass  into 
the  emergency  vat  appears,  the  foreman  XX  conducting  the  process  leaves  the  workshop 
after  opening  the  dump  valve,  warning  the  other  workers  of  the  danger  and  of  the  need 
to  go  to  a  shelter, 

Ihe  emergency  vat  must  contain  water  in  no  less  than  five  times  the  volume  of  the 
nltro  mass  in  the  nitrator  or  separator,  and  must  have  an  air  inlet  for  agitation. 

The  bottom  of  the  vat  is  inclined  for  convenience  in  collecting  the  nitroglycerin. 

Dumping  of  the  nitro  mass  into  the  emergency  vat  is  accompanied  by  emission  of  a 
large  quantity  of  nitrogen  oxides,  giving  rise  to  the  danger  of  explosion.  Therefore, 
there  are  those  mho  believe  that  the  emergency  vat  should  be  outside  the  workshop. 
However,  it  must  be  borne  in  mind  that  removal  of  the  vat  to  a  distance  may  be  the 
cause  of  explosion  of  the  nitroglycerin  in  the  pipe  while  the  nitro  mass  is  being 


dunqsed. 


dumping  of  the  contents  of 

Naaum  (Blbl.l2}  observes  that  XiimXlIXiXXXXXXiXllX^  nitrator  or  separator 

100 

into  the  emergency  vat  does  not  always  save  the  situation.  Of  every  KMBHHI  such 
cases,  20  terminate  with  an  explosion  in  the  tank,  and  sosietlmes  the  residual 
nitroglycerin  explodes  in  the  nitrator.  In  order  to  achieve  safer  drainage  of  the  * 
nitro  mass,  the  apparatus  (nitrator  and  separator)  are  eq’oipped  with  cocks  that  open 
automatically,  for  exaa^le,  under  the  action  of  coiqaTessed  air.  This  automatic 


equlpatent  can  be  started  not  only  directly  from  the  wwk  station  of  the  apparatus 


319  operator,  but  also  frca  the  shelter. 

When  the  autoBiatle  equipnent  for  dunplng  the  nltro  mss  into  the  emergency  vat  Is 

a 

turned  on,  signals  that  warn  all  persons  in  the  given  building  of  danger  start  to 
operate . 

Continuous  nltro(!;lycerln  production  processes.  When  nitroglycerin  "is  produced  by 
batch-vriae  methods,  a  considerable  amoi.ut  of  it  accumulates  in  the  department.  As  a 
consequence,  should  an  explosion  occur,  great  destruction  may  ensue.  The  danger  in 
nitroglycerin  production  may  be  reduced  substantially  by  using  continuous-action 
apparatus,  which  is  coming  into  ever  wider  use. 

In  the  continuous  method,  a  comparatively  small  amount  of  explosive  is  in  the 
process  at  any  time,  as  a  consequence  of  which  there  is  a  substantial  reduction  in 

the  possibility  that  the  explosion  will  be  transmitted  to  other  shops,  and  the  amoiint 

■‘arrage 

of  iNRKMt  done  by  explosion,  is  reduced  to  a  minimum. 

Carter  (Bibl.l3)  illustrates  the  foregoing  by  the  following  percentage  values 

in  terms  of  hourly  output:  the  maximum  amount  of  nitroglycerin  in  the  nitrator  when 

the  periodic  method  is  used  is  200  kg,  that  in  the  separator  200  kg,  while  in  the 

continuous  method  the  figives  are  36  kg  and  U  kg  respectively. 

At  the  present  time,  the  control  of  the  continuous  process  has  been  completely 

shop 

automated.  Control  is  carried  out  in  a  special  booth  beyond  the  embankment  and 

makes  for  a  considerably  greater  degree  of  dependability  in  the  functioning  of  the 
apparatus  (Blbl.l4). 

A  stimulus  to  the  development  of  continuous  processes  has  also  been  the 
considerable  rise  in  the  prod.uotlon  of  powders  based  on  nitroglycerin. 
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319  Contlnuoui>proc«88  apparatus  exi8t  today  in  many  countries t  England,  the  USA, 

•  • 
a 

France,  Genaany,  Belgium,  Sweden,  Canada,  etc.  (Blbl. 13, 15,16). 

setnip  In 

The  first  contlnuous-sisthod  Installation |  of  100  kg  hourly  output,  was  gUpoqRi 
1928  by  A.  and  K.  Schmid  In  wntwannunnnrinf  Caechoslovakla,  whereupon  the  Schmid  process 
modified  sometdiat  by  the  DAT  Company  was  employed  In  Germany  (Blbl. 17,  18,  19}  and  In 
Austria  (Blbl. 20).  The  capacity  of  Installations  employing  the  Schmid  process  today 
attain  1200  kg  nitroglycerin  per  hour. 

■  Figure  96  presents  a  diagram  of  the  flow  of  nitroglycerin  production  In  German 
enterprises  by  the  Schmid  method  as  carried  out  by  the  Meissner  Company  (Blbl, 17). 

The  most  important  factor  in  the  system  is  simultaneous  delivery  of  glycerol  and  the 

nitro  mixture  In  the  required  quantities, 

•  • 

In  the  first  installations,  the  components  were  metered  into  the  nitrator  by 
plunger  pumps.  The  piston  pump  provided  delivery  of  a  constant  stream  of  glycerol, 
regardless  of  its  viscosity.  The  glycerol  and  nitro.mixture  pumps  were  mounted  on  a 
J'SO  single  shaft,  and  the  Inside  dimensions  of  the  pumps  were  chosen  so  that  the  glycerol 
and  mixed  ac  Ld  would  be  delivered  in  the  required  quantities . 

At  modern  in&  .ons,  automatic  metering  of  all  the  components  (including  the 

wash  water)  takes  place  through  metering  devices,  in  the  following  sequence.  The  nitro 
mixture,  having  passed  through  the  filter  into  the  metering  device,  goes,  further,  to  a 

special  receiver  setup  in  the  nitration  workshop.  When  the  latter  has  been  filled,  a 

(gage) 

pressure  of  exactly  1  atm  iOBUUff'ia  established  therein  by  means  of  conqpressed  air. 

This  is  held  constant  during  the  entire  period  of  operation  of  the  apparatus.  The 
constancy  of  the  pressure  in  the  receiver  is  established  by  the  coi^ressed-air  delivery 
control.  The  smterlng  device  is  also  connected  to  a  small  air  vessel  by  means  of  a 
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320  line  going  to  the  bottoB  of  the  metering  derlee.  This  vessel  Is  also  designed  to 
maintain  a  constant  pressure  In  the  receiver  should  the  delivery  of  nltro  mixture 
therein  be  increased. 


Fig. 96  -  Diagram  Illxistrating  Continuous  Production  of  Nitroglycerin 

(KTs) 

1  and  2  -  'Separators ;  3  -  Washing  columns ;  4  -  Nitrator 

a)  Nitro  mixture;  b)  Glycerol;  c)  Spent  acid;  d)  Water;  e)  Nitroglycerin 

The  glycerol  is  heated  by  a  device  that  automatically  regulates  its  temperature, 
prior  to  delivery  into  the  nitration  apparatus.  The  purpose  of  this  is  to  hold  ^ 
viscosity  constant.  At  the  end  of  the  line  delivering  the  glycerol,  there  are  two 
spray  nozzles,  which,  if  the  delivery  of  air  is  constant,  are  set  to  deliver  the 
required  amount  of  glycerol  into  the  apparatus. 

In  order  to  msike  sure  that  the  amount  of  gZilX  glycerol  passing  through  the  spray 
hozzles  is  what  it  should  be,  the  nozzles  aro  connected  to  a  very  sensitive  SQiXSMilXX 
monitoring  device  which  cuts  off  delivery  of  glycerol  to  the  nitration  apparatus  if 
the  agitator  should  cease  to  operate.  A  variable-4u*ea  flow  meter  is  also  provided 
along  the  acid  line.  These  metering  devices  make  for  a  very  high  accuracy  of  metering 
(a  deviation  of  no  more  than  0.3>{ thrill  occur). 
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320  Esterification  &f  the  glycerol  takes  place  in  a  nltrator.  The  glycerol  is 
delivered  from  above,  at  first  into  weak  and  virtually  spent  acids.  The  fresh  nitro 
mixture  is  delivered  from  the  bottom,  DC  dilutes  the  spent  acid  in  the  apparatus,  and 
is  delivered  by^^ agitator  through  the  condensing  volume  of  the  apparatus.  Inasmuch  as 
the  amounts  of  reacting  components  corresponds  precisely  to  the  capacity  of  the  cooling 
surface,  capable  of  removing  the  heat  emitted,  no  sharp  rise  in  tenqperature  vdJ-l  occur 
during  the  process. 

In  the  continuous-process  nitrators,  the  conditions  of  esterification  are  less 
severe  than  in  batch-t.3rpe  systems,  inasmuch  as  the  reaction  occurs  in  a  spent-acid 
medium.  The  productivity  of  the  nitrator  depends  upon  its  cooling  surface. 

Figure  97  illustrates  the  design  of  a  Schmid  nitrator,  and  Figure  98  that  of 
a  Meissner  nitrator.  In  the  second  type  of  nitrator,  the  cooling  surface  is  larger, 

321  It  consists  of  300  vertical  tubes  installed  along  the  perimeter.  The  cooling  brine 
enters  the  space  between  the  tubes  from  below  and  emerges  at  the  top. 

In  both  the  first  and  the  second  appau'atus,  the  nitro  mixture  is  delivered 

'*Jt  ' '  '' 

beneath  a  plate  which  directA^he  outer  walls  of  the  nitrator  for  cooling.  The 
nitro  mass  ]DC  flows  out  of  the  upper  portion  of  KXXIX  the  nitrator  into  the  separator. 

The  agitator  Installed  in  the  nitration  apparatus  functions  like  a  propeller-type 
pump  to  raise  the  reaction  mixture  from  the  bottom  and  dri.c  it  through  a  system  of 
coils  within  the  apparatus. 

Thanks  to  the  creation  of  a  fine  emulsion  of  nitroglycerin  in  spent  acid,  the 
reaction  mass  becomes  cos^letely  safe  in  terms  of  explosion,  as  has  been  demonstrated 
by  special  experiments.  Even  the  bursting  of  a  No.8  cap  will  not  cause  it  to  detonate. 
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In  viow  of  the  rapidity  of  the  esterification  reaction,  and  as  a  consequence  of 


the  use  of.  mechanical  agitation,  volatilization  of  nitric  acid  out  of  the 

apparatus  virtually  does  not  occur.  As  a  consequence,  the  yield  of  nitro  product  is 
more  than  1^  higher  than  when  JtX  batch-type  nitration  is  employed. 


el 


Fig. 97  -  Schmid  Nitrator  Fig. 98  -  Meissner  Nitrator 

a)  Glycerol;  b)  Emulsion;  c)  Nitro  a)  Glycerol;  b)  Emulsion;  c)  Nitro  mixtiare 
mixture;  d)  To  separator;  e)  To 
emergency  tank 


Ihe  nitroglycerin,  emulsified  in  spent  acid,  goes  to  a  separator. 

To  speed  separation,  A. Schmid  designed  a  separator  so  as  to  reduce  to  a  minimum 
the  thickness  of  the  layer  of  emulsion  and  to  facilitate  separation  of  the  drops  of 
nitroglyeerln.  The  separator  (Fig.  99a)  is  a  tapered  prism  terminating  in  two  pyxamids 
The  emulsion  enters  one  of  the  pyrasdds , and  the  spent  acid  leaves  through  the  other. 
Within  the  separator,  there  are  corrugated  plates,  arranged  parallel  to  each  other. 

As  the  emulsion  moves  through  these  plates,  the  nitroglycerin  rapidly  separates  from 
the  spent  acid  over  a  short  portion  of  the  route  and,  coad>inlng  with  the  rest  of  the 
nitroglycerin  that  has  separated  out  and  has  gathered  on  the  XMMtl  Inside  surfaces  of 
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the  plates,  rapidly  noves  upward  alc»ig  a  trough 
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Plgiire  99b  shows  the  HqHHff  Isqfnroved  SehBdd  separator  (esq^loyed  by  the  Mslssner 
Coiq>any)  constituting  a  box  in  the  form  of  a  parallelepiped  with  a  square  base.  Within 
the  separator,  there  are  30  corrugated  partitions.  The  emulsion  inlet  is  above  the 
partitions,  in  the  upper  portion  of  the  separator.  This  makes  for  superior  separation 
of  the  spent  acid  from  the  nitroglycerin,  inasmuch  as  emulsified  acid  separates  more 
rapidly  frbm  the  nitroglycerin  than  does  emulsified  nitroglycerin  from  acid.  The 
cover  terminates,  in  its  upper  portion,  with  a  glass  cylinder  for  nitroglycerin  removal. 
The  spent  acid  is  removed  from  the  lower  portion  of  the  separator  through  a  U-tube 
in  such  fashion  that  the  acid  removal  is  30  cm  lower  than  the  nitroglycerin  removal. 
Before  the  separator  starts  to  function,^  it  is  filled  with  spent  acid  from  the 
preceding  operation.  After  separation,  the  spent  acid  in  this  type  of  separator 
usually  contains  0.1  -  0.3^  emulsified  nitroglycerin,  and  is  of  approximately  the 
following  composition:  12^  HNO^;  72^  H2SO4;  14^  H2O;  about  2%  dissolved  nitroglycerin 
and  0.3%  nitroglycerin  in  emulsion. 

The  nitroglycerin  arriving  from  the  separator  is  transparent.  However,  a  rather 
large  quantity  of  nitric  acid  (as  much  as  7/l>)  is  dissolved  therein,  as  well  as  0,5% 
H2S0^,  0.1^  H2C,  and  1,5%  dinitroglycerin.  The  biJ.k  of  the  acid  is  very  readily 
washed  free  of  the  acid  products.  However,  the  residual  acid  may  EC  only  be  washed 
free  by  intensive  agitation  of  nitroglycerin  with  wash  water  or  with  soda  solution 
over  a  long  period  of  time. 

Washing  of  the  acid  nitroglycerin  is  perfor— d  in  washing  columns  consisting  of 

25  glass  plates  between  which  are  ccs^essed  sheets  of  perforated  stainless  steel. 

•  * 
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322  The  acid  nitroglycerin,  the  wash  water,  and  cc^>re38ed  air  are  delivered  into  the 
lower  portion  of  the  column.  The  nitroglycerin  rises,  in  the  form  of  emulsion,  and 
goes  to  the  separator,  from  which  it  goes  to  the  next  column.  All  told,  the  system 
contains  5-6  washing  colmms  and  an  equal  number  of  separators.  In  the  first  two 
columns,  washing  is  by  hot  water,  in  the  second  by  weak  soda  solution,  and  in  the 
third  by  weak  soda  solution,  and  in  the  fourth  again  by  water. 

The  two-stage  washing  of  nitroglycerin  nukes  for  reduced  product  losses  and 
reduced  separation  time,  even  with  Maf  parallel  flow  of  components.  Washing  is 


Fig. 99  -  Separators 
a)  Schmid;  b)  Meissner 

(a)  Nitro  mixture;(b)  Viewing  window;  (c)  Nitroglycerin;  (d)  Spent  acid 
(e)  To  emergency  vat 

performed  in  a  glass  column,  with  a  perforated  partition  at  its  bottom  (Bibl.21).  The 
wash  liquid  is  driven  through  the  bottom  of  the  column  by  means  of  a  jet,  and,  together 
with  compressed  air  which  emulsifies  the  nitroglycerin  therein,  rises  to  the  top  of 
a  colimn  and  flows  over  its  edge  into  the  intermediate  separator.  From  the  separator, 
the  nitroglycerin  collected  at  its  bottom  goes  to  another,  identical  column,  while  the 
wash  water  passes  through  a  settling  tank  in  which  the  nitroglycerin  is  collected. 
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Reduction  In  the  nvmber  of  washings  dlulnlshes  nitroglycerin  losses.  The 


323 


coefficient  of  distribution  of  nitric  acid  between  the  nitroglycerin  and  the  water  is 
such  that,  with  an  equal  volvnne  of  water,  one  can  obtain  nitroglycerin  of  less  than 
0.2%  HNO3  acidity  by  a  single  washing  of  the  nitroglycerin,  if  good  mixing  and 
sufficiently  careful  separation  is  provided.  Under  these  conditions,  the  remaining 
acid  may  be  removed  by  a  single  washing  with  weak  soda  solution. 

Table  99  illustrates  the  conditions  of  stabilization  by  the  two-column  method. 

Table  99 


•e) 

a) 

b) 

i 

c) 

d)  j 

f) 

9) 

h) 

1 

1 

9 

t) 

1:1 

22 

19 

30 

2 

11 

4) 

2:3 

40 

29 

34 

a)  Column  number;  b)  Inside  diametbr,  cm;  c)  Wash  liquid;  d)  Ratio  of  wash  liquid 
to  nitroglycerin  by  volume;  e)  Temperature  at  colusBi  inlet,  OC;  f)  Wash  liquid; 
g)  Nitroglycerin;  h)  Temperature  of  liquid  at  outlet,  ^C;  i)  Water;  j)  2.5^  Na2C03 
solution 

With  this  method  of  washing,  nitroglycerin  losses  reach  no  more  than  0.22!^, 
whereas  with  washing  in  three  columns  they  reach  0,31%,  and  in  five  columns  -  0.49^. 

In  Germany,  nitroglycerin  has  been  washed  in  three  columns  by  a  countercurrent 
method  (Bibl.17).  This  made  it  possible  further  to  Increase  the  yield  of 

nitroglycerin  by  reducing  the  amount  of  wash  liquid  which  carries  off  a  portioi  of 

the  samej 

the  product  after  washing.  By  the  countercaarent  mthod,  BqK^rtion  of  solution  is 
eiq)loyed  in  all  three  columns.  Washing  was  performed  with  cold  water  (15°)  Wd  a 
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3-5%  soda  solution. 


In  addition  to  the  Sehold-Meissner  apparatus  we  hare  described,  a  nuid>er  of  Blacci 


installations  were  used  in  Germany  at  Tarious  plants.  These  have  a  rather  iiqproved 


Fig. 100  Blacci  Nitrator 


Pig. 101  -  Blacci  Separator 


a)  Qnulsion 


a)  Nitro  mass;  b)  Nitroglycerin; 


c)  Spent  acid 


design  of  nitrators  and  separators  (Bibl.l?).  The  first  continuous  nitroglycerin 
plants  in  Canada  (Bibl.l3)  and  in  the  USA  (Bibl.l5)  nQEXXKIXX  were  designed  to  use 
the  Blacci  method  (Bibl,16). 

Under  the  Blacci  method  (Bibl.16,17),  the  nitrator  is  a  cylindrical  vessel  with 
a  spherical  top  and  bottom  (Fig. 100).  I.,  is  provided  with  a  turbine  agitator  which 

makes  for  intensive  stirring  and  circulation  of  the  nitro  mass.  The  initial  products 

are  introduced  from  above.  They  are  taken  into  the  sdddle  of  the  turbine  by  suction 

,,n.cy'''  •  acquires 

and  are  thrown  toward  the  perlpherj^  The  liquid  emerging  from  the  XX  turbine  XXipQQBiS 

a  circular  and  spiral  motion.  The  heat  emitted  in  the  reaction  is  drawn  off  by  coils 

\diich  fill  the  entire  apparatus. 

The  separator  (Flg.lOl)  is  a  low  '  jnd  reservoir  with  conical  top  and  bottom.  The 
upper  portion  terminates  in  a'- glass  cylinder.  The  emulsion  of  nitroglycerin  and  spent 


323  acid  enters  the  overflew  tube  of  the  nltretor  in  the  upper  portion  of  the  side  mil  of 
the  separator  at  a  tangential  direction,  and*is  always  In  rotary  motion.  As  a 
consequence  of  the  rotary  motion  of  the  eoiulslon,  consisting  of  drops  of  nitroglycerin 

324  and  spent  acid,  a  kind  of  centrifuging  is  sot  vq).  The  drops  of  nitroglycerin  merge 
into  large  ones,  and  rapid  separation  of  the  emulsion  occurs.  The  easy  flow  of  emulsion 
also  prevents  local  overheating. 

a 

Conqalete  separation  of  the  nitroglycerin  and  spent  acid  occurs  in  13  min,  with  an 
apparatus  capable  of  producing  700  kg/hr.  However,  the  bulk  of  the  nitroglycerin  is 
separated  in  3  min.  A  separator  of  240  Itr  capacity  suffices  for  an  output  of  700  kg/hr. 

The  separated  nitroglycerin  may  be  seen  in  the  upper  portion  of  the  viewing  glass. 
The  level  of  nitroglycerin  is  regulated  by  a  special  device  for  running  in  the  spent 
acid.  The  spent  acid  enters  the  second  separator  for  further  settling  of  the 

nitroglycerin  and  then  goes  to  denitration. 

Flgiire  102  illustrates  a  Biacci  apparatus. 


Pig; 102  -  Diagram  of  Blacdl  Apparatus 

1  >  Nltretor;  2  and  3  -  Cilycerol  and  nitro  mixture  containers;  4  -  Hetering  devices; 

S,7>10,12,13  *■  Separators;  6  -  Additional  separators;  8  -  Dlluter;  9,11  -  Washing 

apparatus;  14  -  Nitroglycerin  receiver;  15  -  Bisrfeney  vat;  16  -  Settling  vessels 
a)  Water;  b)  Soda  solution 
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Glycerol  and  nltro  mixture  frcn  reservoirs  j[2)  and  (3),  under  a  constant 

e 

2  atm  pressure,  are  delivered  to  nitrator  (1).  The  temperature  of  the  acid 
is  5  -  10®,  and  that  of  the  glycerol  15°.  The  quantity  of  entering  components 
la  controlled  by  metoring  devices  (4).  The  temperature  in  the  nitrator  (25°)  is 
sustained  with  the  Mill  aid  of  the  cooling  brine,  fed  to  the  coil.  The  mixed 
acid  contains  50^  H2S0j|^  and  50^  HNO3;  at  a  modiile  of  JX  1:5> 

From  the  nitretor  (l),  the  nltro  mass  is  fed  into  a  first  separator  (5)  from 
which  the  spent  acid  goes  through  an  additional  separating  box  (6)  to  a  second 
separator  (7)  and  from  there  to  settling  [before  settling  it  is  diluted  with 
35?  water  in  the  reservoir  (8)]. 

From  the  first  separator  (5),  the  IXX  nitroglycerin  is  sent  to  a 
preliminary  washing  apparatus  (9)  where  it  is  mixed  with  cold  water  and  is  then 
treated  in  a  third  separator  (10).  From  the  separator  (10),  the  nitroglycerin 
is  sent  to  a  washing  apparatus  (11),  tdiile  the  water  again  goes  to  idUC 
separation  in  a  fourth  separator  (12).  In  the  washing  apparatus  (11)  the 
nitroglycerin  is  washed  with  a  soda  solution  at  30°  and  the  resultant 
emulsion  is  fed  to  the  separator  (13)  from  where  the  nitroglycerin  is  supplied 
to  the  receiver  (14)  and  then  sent  to  the  consumer. 

In  the  case  of  current  cutoff,  power  reserve  is  provided  by  storage 
batteries.  In  the  nltrators  and  separators,  contact  thsrmcSMters  are  mounted  . 
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325  which,  at  30®,  cut  in  a  signal  while,  at  33®,  the  mass  is  duiig)ed  into  the 

emergency  vat  (15)  filled  with  cone.  sulf\iric  acid,  in  which  the  nitroglycerin 
aaponifiea  very  rapidly. 

The  washing  system  of  such  arrangements  is  of  conventional  location. 

In  the  case  of  shut-down  of  water  inflow  into  the  reservoir,  into  which 
the  nitroglycerin  is  admitted,  "the  latter  may  be  detonated  by  means  of  a 
mechanical  mixer. 

The  literature  (Bibl.14)  contains  brief  references  to  a  plant  in  Ardur 
(Scotland)  vfhere  IX  nitroglycerin  is  produced  by  the  Biacci  process. 


Fig. 103  -  Jfetering  Device  for  Acid  and  Glycerol 
a)  Meter  for  acid;  b)  Meter  for  glycerol 

Raehinskiy  (Blbl.22)  has  developed  a  system  for  the  continuous  nitration 
of  glycerol,  in  general  design  coinciding  with  the  Schsdd-Meissner  schesm. 


615 


An  original  stage  In  this  system  Is  the  continuous  metering  of  the  nixed 
acid  and  glycerol.  The  metering  interferes  with  interacting  components  and 
can  only  work  in  synchronism.  The  design  of  such  a  metering  device  is  shown 
in  Fig.  103. 

The  metering  device  for  glycerol  constitutes  a  receiver  with  a  constant 
liquid  level,  inside  of  which  a  slowly  rotating  disk  is  mounted  with  reinforced 
scoops  of  special  design.  The  scoops  maintain  a  constant  volume  of  liquid, 
raising  and  forcing  this  liquid  through  a  tube  into  the  nitrator.  An  advantage 
of  this  metering  device  lies  in  the  fact  that  it  works  independently  of  the 
ten^rature  of  the  ambient  medium;  this  Is  very  important  inasmuch  as  the 
viscosity  of  glycerol  strorigly  fluctjoates  with  Mil  variations  in  the 
teii5)erature. 

Transfer  of  nitroglycerin  from  one  to  the  other  is  usually  effected  by 


gravity  through  pipelines 


tranamlssion 

325  To  prevent  of  detonetlons  through  the  pipe^^ne  to  another  section  of 

the  plant,  detonation  Interrupters  are  Installed.  The  design  of  such  detonation 

interrupters  has  been  described  in  a  book  by  Naoum  (Bibl.l2).  There  are  water-filled 

^  ‘ 

vessels  in  which  the  stream  of  nitroglycerin  is  broken  a  layer  of  water.  However,  this 

method  does  not  completely  guarantee  that  a  detonation  will  be  interri^ted.  Emulsions 

per  1  volume 

contaiiiing  1.5  volume  water  jHQGQQOlHU  nitroglycerin  detonate  readily  (Blbl.23). 

Long-distance  OWifjHHaincT  transportation  of  nitroglycerin  is  done  in  mixtures 

with  acetone  or  other  solvents,  subsequent  to  which  it  is  separated  from  the  acetone 

by  dilution  of  the  mixture  with  water  (Bibl,6,  10).  It  is  necessary  to  prevent  ignition 

of  the  solvent  in  transportation  (Bibl.24). 

Problems  of  denitration  of  the  spent  acid  and  extraction  of  the  nitroglycerin 

frcm  the  wash  water  are  XM  important  in  nitroglycerin  production. 

Denitration  of  the  spent  acid, with  subsequent  concentration  of  the  sulfuric  XHC 

outline, 

acid  is  similar,  in  general  mannfj  to  lOiX  the  denitration  of  spent  acids  derived 
326  in  the  production  of  arccoatlc  nitro  coqpowds.  A  peculiarity  of  pnmwt  the  production 

process  is  the  presence  of  nitroglycerin  and  the  substantial  quantity  of  nitric  acid 
in  the  spent  acid.  The  presence  of  nitroglycerin  greatly  increases  the  danger  of 
denitration,  and  therefore  the  spent  acid  is  subjected  to  long-term  settling  before 
this  process. 

Settling  may  be  avoided  if,  prior  to  denitration,  the  spent  acid  is  sent  through 
a  destructive  distillation  column.  IX  A  description  of  the  operation  of  this  column 
is  provided  below,  on  p.331«  The  spent  acid  passing  through  the  destructive 
distillation  column  is  simultaneously  separated  frcm  the  basic  oompchent  containing 
nitric  acid  (Bibl.25). 

617  •' 


326  Hitroglycerlr^  dlaiolvad  in  th«  rash  rater,  usually  is  not  extracted.  It  is  (»ily 

the  nitroglycerin,  present  in  the  form  of  emulsion,  that  is  trapped  in  l  special 
settling  devices  and  thus  removed  from  the  rash  rater. 

One  British  patent  (Blbl.26)  proposes  that  the  rash  raters  containing  nitroglycerin 
be  treated  KiX  with  mononitrotoluene.  This  latter  extracts  the  nitroglycerin.  The 
mononitrotoluene,  containing  nitroglycerin,  should,  it  is  recommended,  be  en^sloyed  as 
an  explosives  component. 

B.  Other  Explosive  Glycerol  Eaters 

Monochlorohydrlndinitrate  and  diglycerintetranitrate  are  of  practical  significance 
as  the  basis  of  non-freezing  dynamites.  Prior  to  the  Second  World  War,  MHW 
monochlorohydrlndinitrate  was  made  use  of  in  Germany,  and  diglycerintetranitrate  in 
the  USA.  Diglycerintetranitrate  was  also  employed  as  a  non-folatile  solvent  in  powders. 
Section  1.  Monochlorohydrlndinitrate  (Blbl.l2) 

Monochlorohydrlndinitrate  is  an  ester  of  chlorohydrin  and  nitric  acid,  having 
two  isomers: 

CH2ONO2  CHjONOi 

I  I 

CHON02  H  and  CHCl  p. 

1  I  . 

CHjCI  CH2ON02 

The  first  Isomer  predominates  in  the  technical  product.  Monochlorohydrlndinitrate 
is  a  transparent  and  colorless  oil,  having  less  viscosity  titan  nitroglycerin.  It  has 
a  mildly  aromatic  odor  and  a  specific  gravity  of  1.54  at  15°.  The  technical  product 
has  a  yellow-brown  color.  The  freezing  point  0^ -isomer  is  -5°,  and  that  of  the 
^^Isomer  16.2°.  The  product  is  susceptible  to  considerable  supercooling  and  may,  for 
a  long  period, ' remain  in  the  supercooled  condition  at  -20°  without  crystallization. 
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326  The  freesing  point  of  the  technical  product  is  not  constant. 

Monoehlorohjrdrindinitrate  is  not  hygroscopic.  Its  volatility  is  sosewhat  higher 
than  that  of  nitroglycerin.  It  is  readily  soluble  in  ethyl  and  methyl  alcohol,  ethyl 
ether,  acetone,  acetic  ethyl  ether,  glacial  acetic  acid,  chloroform,  benzene,  etc. 

It  is  of  low  solubility  in  water  (0.23^  at  15°),  carbon  disulfide  and  benzene. 

Monochlorohydrindinitrate  is  miscible  in  any  ratios  vd-th  nitroglycerin.  A  mixture 
thereof  with  25^  nitroglycerin  is  non-freezing,  for  all  practical  purposes,  at  -20°. 

Pure  monochlorohydrindinitrate  gelatinizes  collodion  rather  weakly,  but  when  mixed 
with  nitroglycerin.  Its  gelatinizing  ]f|a  capacity  is  high. 

In  the  chemical  sense,  monochlorohydrindinitrate  performs  as  a  nitric  ester  and, 
r.imultaneously,  as  though  chlorine-substituted.  It  has  a  negative  oxygen  balance  emd, 

327  in  addition  to  the  incomplete  combustion  products  -  CO  atid  H2,  also  releases  a  poisonous 
hydrogen  chloride,  which  is  a  shortcoming  thereof  as  an  explosive. 

Monochlorohydrindinitrate  is  considerably  more  shock  sensitive  than  is 
nitroglycerin.  The  heat  of  its  explosive  decomposition  is  II40  kcal/kg,  which  is 
235?  lower  than  that  of  nitroglycerin. 

Monochlorohydrindinitrate  is  produced  in  the  same  apparatus  and  virtually  by 

production 

the  same  technology  as  nitroglycerin.  However,  its  mmwiUMM  is  less  dangerous 
than  the  manufacture  of  nitroglycerin,  inasmuch  as  less  heat  is  liberated  in 
esterification.  Separation  goes  laore  rapidly  thanks  to  the  lower  specific  gravity 
of  the  nltro  product  (1.54  as  against  1.60). 
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Section  2.  PielyeerlAtetranitrate  (Blbl.l2) 
of 

This  is  an  ester /nitric  acid  and  diglycerin  ether: 


CHi  -  CHONO2  -  CHjONOa 


^CHs  -  CHONO..  -  CH20N02. 

It  was  first  obtained  in  1861  by  Lourenzo  (Bibl.6). 

Diglycerinfcetranitrate  is  a  viscous  oil,  not  hygroscopic,  insoluble  in 
water,  readily  soluble  in  alcohol,  ether,  and  other  organic  solvents.  It  does 
not  crystallize  even  when  cooled  deeply.  Its  gelatinizing  capacity  is  insignificant, 
but  a  ndxture  with  nitroglycerin  gelatinizes  collod’'’ 

As  an  explosive,  diglycerintetranitrate  is  weaker  than  NZiQi  nitroglycerin. 

Its  heat  of  explosive  docooposition  is  1370  kcal/kg.  Its  sensitivity  to 


mechanical  effect  is  somewhat  lower  than  that  of  nitroglycerin. 


Diglycerintetranitrate  is  obtained  by  etherification  of  diglycerai  with  a 

sulfuric  acid  mixture  in  the  same  apparatus  and  by  the  same  technology  as  that 

employed  in  production  of  nitroglycerin.  Hcwever,  before  XXM  it  is  meted  into 

the  nitrator,  diglycei^  has  to  be  heated  to  50  -  60®,  to  reduce  its  viscosity, 

which  is  eleven  times  as  great  as  that  of  glycerols.  The  high  viscosity  of  the 
coeqclicates 

product  IiyXyiHBW  esterification  and  creates  particularly  great  difficulties 
of  separation  and  stabilization  as  a  consequence  of  the  formation  of  stable 
emulsion.  Stabilization  is  performed  with  a  table  salt  solution  to  combat  the 
formation  of  a  stable  emulsion. 
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nie  product  yield  la  61%  of  theoretical 


C.  Ethyleneglyeoldlnitrate  and  Dlethyleneglycoidinitgate 

Ethyleneglycol<ilnltrate  and,  particularly,  dlethyleneglyeoldlnitrate  were 
widely  employed  during  World  War  II  as  substitutes  for  nitroglycerin  in  dynamite 


and  powders. 


Efforts  to  discover  substitutes  for  glycewen  were  begun  as  far  back  as 


World  War  I,  inasmuch  as  manufacture  of  this  product  is  based  chiefly  upon  the 
use  of  foodstuffs.  The  most  fruitful  work  proved  to  be  the  utilization  of 

ethyleneglycol  instead  of  glyoe  r^  to  make  nitric  esters.  Ethyleneglycol  is 

synthetically  hydrolyzed 

made  itnqtTy  from  ethylene  or  from  KydimyjHnKi  alcohol,  and  therefore  has 


distinctive  advantages  over  glyoe: 


ird. 


Today,  ethyleneglycol  is  obtained  primarily  by  hydration  of  ethylene  oxide: 


oh..-c:iij4-H;0^moch2-ch.oh. 

0 


pressure 

The  process  is  run  in  a  neutral  medium  under  a  jHfMWim  of  10  -  12  atm  at 
160  -  160°  in  a  continuous  autoclave,  consistlng’of  a  steel  column  10  m  high 
and  1  m  in  diameter.  The  solution  emerging  from  the  autoclave  is  vaporized  in 
a  two  or  three-section  steaming  apparatus,  and  is  vacuuai'distillFjd. 

A  small  portion  of  the  ethyleneglycol  is  obtained  by  hydrolysis  of 
dlchloroethane : 


CiCHj  — CHjCH-NaiCOj+HjO  ‘  HOCHo  — ClljOH +2Nar.l -f- COj.  ' 

Despite  its  good  gelatinising  properties  and  great  power,  ethyleneglycolidlnitrate 


could  not  be  used  to  make  powders  because  of  its  high  volatility.  It  has  gained 


application  only  in  dynamite.  * 

Contrariwise,  flMinCyX  diethyleneglyeoldlnltrate  (the  raw  material  for  which 

is  a  synthetic  product  -  diethyleneglycol,  obtained  frcan  ethyleneglycol)  proved 

to  be  superior  even  to  nitroglycerin  as  a  solvent  for  nitrocellulose.  It 

plasticizes  nitrocellulose  more  readily,  and  powders  based  on  this  substance  are 

powders . 

more  elastic,  while  their  stability  is  higher  than  that  of  nitroglycerin  jfiOlX 
Moreover,  the  production  of  dlethyleneglycol  powders  is  less  dangerous  than  the 
production  of  nitroglycerin  powders  (Bibl.17). 

During  World  War  II,  triethyleneglycoldinitratc  -  an  ester  of  nitric  acid 
and  diethyleneglycol  -  was  employed  to  produce  a  powder  clamined  to  have  the 
lowest  XlClCd  ratio  of  rate  of  combustion  to  temperature. 

Section  1,  Ethyleneglycoldinitrate  (Nitroglyeol) 

Ethyleneglycoldinitrate  is  an  ester  of  nitric  acid  and  glycol: 

CHjONO: 

I 

CH.ONO.'. 

It  was  first  obtained  by  Henry  in  1870  (Bibl,6),  and  is  used  only  as  a 

component  in  low-freezing  dynamites. 

Nitroglyeol  is  a  transparent  and  rather  free-flowing  liquid  of  specific 

grayity  d^^  ■  1.489  (Bibl,6).  Its  viscosity  is  considerably  less  than  that  of 

centipolses . 

nitroglycerin,  and  is  4  ffsnt<Wpa<-sws.  Ihe  freeslng  III  point  is  -21.7. 

The  distillation  of  nitroglyeol  at  normal  pressure  is  accoagmnied  by 
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deooiVoaitlon.  It  Is  more  rasdily  stemmed  distilled  than  nitroglycerin. 
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The  vapor  pressure  of  nitroglyeol  is  high  (Blbl.17).  Its  values  at  varioiis 
temperatures  (Bibl.7)  is  presented  in  Table  100.  The  volatility  of  nltroglycol  is 
considerably  higher  than  that^of  nitroglycerin. 


Table  100 


<a)  j 

1 

0 

0.0044 

20 

0.038 

40 

0.26 

60 

1,3 

80 

5.9 

100 

22.0 

Nltroglycol  is  of  low  hj^oscopicity, 
is  readily  soluble  in  tetryl  and  methyl 
alcohols,  ether,  chloroform,  acetone, 
benzene,  nitrobenzene,  and  toluene,  and  is 
difficultly  soluble  in  carbon  tetrachloride. 


In  100  g  water,  0.52  gm  and  0.85  gm 
nltroglycol  will  dissolve  at  25°  and  60° 

a)  Temperature,  °C;  b)  Vapor 

iiXK^  pressure,  nm  Hg  respectively  (Bibl.6).  As  is  evident  from 

the  data  adduced,  the  solubility  of  nltroglycol  In  water  is  considerable,  and  this  . 
must  be  borne  in  mind  in  WtiNffijil  washing  it. 

Nitroglycol  is  readily  gelatinized  by  collodion  at  roran  temperature. 

In  its  chemical  properties  and  physiological  effects  nitroglycol  is  analogous 
to  nitroglycerin.  Because  of  its  high  volatility,  safety  rules  must  be  rigidly 
adhered  to. 

Nltroglycol  has  a  zero  oxygen  balance  and  exceeds  nitroglycerin  in  potential 
energy.  The  heat  of  explosive  decoaqsosition  of  nltroglycol  is  1655  kcal/kg  (Blbl.6}, 
the  volume  of  gaseous  explosion  product  is  737  Itr/kg,  and  expansion  in  the  Trauzl 
block  is  600  ml.  BC  Nitroglycol  Is  substantially  less  sensitive  XM  to  shock 
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Xi  thui  is  nitroglycerin.  It  detonates  when  a  2  kg  load  is  dropped  from  a 
height  of  10  -  12  cm,  whereas  nitroglycerin  detonates  when  the  sane  load  is 
dropped  from  the  height  of  4  -  5  cm.  Moreover,  the  detonation  sensitivity  of 
nitroglycol  is  considerably  higher  thaii  that  of  nitroglycerin.  Upon  contact 
with  flame  it  ignites  and  bums  with  hissing,  while  local  overheating  nay 
result  in  an  explosion,  although  the  tendency  to  iBfUIlH  explode  is  less  than  that 
of  nitroglycerin. 

Nitroglycol  is  produced  on  the  same  kind  of  equipment  as  is  nitroglycerin, 
and  by  a  highly  similar  technological  cycle.  Because  of  the  low  freezing  tesysrature 
of  nitroglycol,  the  nitration  process  may  be  run  at  a  XX  lower  temperature  and  this 
reduces  losses  due  to  volatilization  and  solution  in  the  spent  acids.  In  washing 
nitroglycol,  it  is  reconnended  that  excessively  high  wash-liquid  tenperatures  and 
large  volumes  XXXlEifZ  thereof  be  avoided,  so  as  to  eliminate  possible  losses  of 
product  due  to  volatility  and  the  coaparatlvely  high  solubility.  The  tendency  of 
acid  nitroglycol  to  IXX  decoipose  is  less  than  that  of  acid  nitroglycerin,  and 
this  reduces  the  denser  in  its  production. 

Nitroglycol  may  also  be  obtained  by  direct  nitration  of  ethylene  without 
KBBfNX  conversion  thereof  ro  glycol.  Nitration  is  performed  by  transmitting 
ethylene  through  mixed  acid  at  50*^  in  the  presence  of  AgNO^  or  Ag^SO^  as  promoter. 

The  result  is  an  oily  product  of  specific  gravity  1.A7,  consisting  primarily  of  a 
mixture  of  nitroglycol  and  of  nitroethylalcohol.  The  nitroglycol  is  separated 
out  of  .the  mixture  by  live-steam  distillation  (Blbl.27).  The  nitration  reaction 
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BMohanlsBS  are: 


1) 


2) 


Gil..  CHjNO, 

||■  +  HNO,->| 

Gll..  ClIjOH 


CHjNOj  CHjNOj 

I  +HNO,;:i  I  +H2O 
CHjOH  CHjONO^ 


CH..  GHjONO 

II  ■+2HN03->  I  +H2O 

GH.  GUjONOj 


GH.ONO  CH^ONOa 

I  ■  +HN03-^  I  ■  +HNO2 

GlljONOj  CHjONOa 


Nltroethylalcohol ; 


Nitroethyinitrate ; 


Glycolnitritenitrate  5 


Nitroglycol 


The  two  reactions  go  simultaneously,  and  the  result  is  a  mixture  of  40  -  50^ 
nitroglycol  and  50  -  60^  nitroethylnitrate,  the  total  being  60  -  lOjL  of ‘the 
ethylene  absorbed. 

The  mixture  of  nitro  products  obtained  is  a  brisant  explosive  and  may  be 

on?)loyed  in  the  manufacture  of  dynamite. 

The  UU  best  mixed  acid  for  nitration  has  the  following  composition; 

50^  HjSO^,  k5%  HNOj,  and  5%  H2O.  Nitration  is  run  at  20  -  25°.  The  production 
pure 

of  a  virtually  JfWOEc  stable  nitroglycol  is  achieved  by  treating  the  oil  with 
aamonia  which  dissolves  the  unstable  coii9>onents  of  the  oil.  The  amount  of 
nitroglycol  released  is  25^  in  terms  of  the  ethylene. 

Section  2.  PinaafUmffiHmingnX  Diethyleneg].ycoldinitrate  f Diglycoldinltrate ) 

DiethylerAeglycoldinltrate  is  an  ester  of  nitric  acid  and  diethyleneglycol  ether 

/CH;  -  CH2ONO; 

^CHj-rHjONOi 

It  was  first  described  by  Rinkenbaoh  in  1927  (Bibl.6). 
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Starting  In  1833,  in  Germany,  broad  studies  of  digljrco].dinitrate  were  made 


with  the  purpose  of  using  it  to  produce  powders,  and  in  1938  -  1939  complete 

nitrodiglycol  Miniipy«X  powders  was 
conversion  of  the  industry  to/imt1n^][yiitmHHHHU0H[  virtually  achieved. 

Nitrodiglycol  powder  is  today  being  made  in  place  of  nitroglycerin  powder  in 

other  countries  as  wall. 

The  major  advantage  of  diethyleneglycoldinltrate  is  the  fact  that  it  can 

be  produced  from  synthetic  raw  materials.  >foreover,  according  to  the  data  of 

German  specialists,  it  enjoys  a  number  of  KXXffiOaQfXll  other  advantages  as  well. 

The  superior  plasticizing  capacity  of  diethyleneglycoldinltrate  permits  smaller 

quantities  of  this  substance  than  of  others  to  be  used  in  making  powders.  Thus, 
a  powder  containing 

in  Germany,  YMITjHHBfllXltMnCI  only  15 f  nitrodiglycol  was  developed. 

The  powder  mixture  based  on  diethyleneglycoldinltrate  is  more  reeulily 
rolled,  more  plastic,  and  rolling  is  aceaqianled  by  a  smaller  number  of  ZZUHXMIX 
flashes.  The  use  of  this  powder  mixtiire  permits  larger  quantities  of 
non-plasticizing  crystalline  substs  :ce  (for  exasqcle,  nltroguanldine )  to  be 
included. 

'•cold»» 

Diethyleneglycoldinltrate  permits  readier  production  of  CX  XMHftx  powders, 
and  this  increases  the  service  life  of  the  weapon.  It  snist,  however,  be  ordered 
that  this  powder  has  considerably  less  power  than  does  nitroglycerin. 

Dlethyleneglycoljiinltrate  is  a  colorless  llqtiid  having  ^specific  gravity  ^ 
d^^p  ■  1.385  (Bibl.6)  and  a  viscosity  of  8  centlpolses  at  20°.  Two  forms  of 
diethyleneglycoidlnltrate  exist:  the  stable  form,  trlth  a  freezing  point  of  2°,  and 
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the  labile  fora  having  a  freezing  point  of  -10.9*’. 

The  vapor  pressure  of  dlethjrlenegljrcoldlnltrate  at  20  and  60°  Is  0.0036  mm 

great 

and  0.130  ran  Hg  respectively.  Thus,  its  volatility  Is  Just  as  JgBBlX  as  that  of 
nitroglycerin,  but  only  one  fourth  that  of  nitroglycol. 

Diglyooldinitrate  is  readily  soluble  in  nitroglycerin,  glycoldinitrate,  ether, 
and  methanol.  It  is  insoluble  in  ethanol,  carbon  tetrachloride,  and  carbon  disulfide.. 

Its  solubility  in  viater  is  0.40  and  0.46  gm  per  100  gm  water  at  25  and  60° 

nitrocellulose 

respectively.  It  readily  plasticizes  ^dataMaUndMee  (substantially  better  than 

does  nitroglycerin,  but  somewhat  loss  satisfactorily  than  does  nitroglycol). 

diglyooldinitrate 

The  chemical  properties  of  SXiaiQE]ii|I]EIlI  are  analogous  to  those  of  nitroglycerin, 

and  its  toxicity  is  the  same.  Its  explosive  properties  are  lower  than  those  of 
heat 

nitroglycerin.  The  VUUL  of  explosive  decomposition  is  948  kcal/kg,  the  flashpoint 

products 

is  210  -  215°,  the  volume  of  gaseous  explosion  01BilUU  is  919  Itr/kg,  and  expansion 
in  the  BOfX  Traxizl  block  is  425  ml.  Shock  sensitivity  is  low  and  is  175  -  180  cm 
when  a  2  kg  weight  is  employed  (Bibl.l2). 

Diethyleneglycolidinitrate  is  produced  by  esterification  of  diethyleneglycol  _ 
with  mixed  HSZM  sulfuric  and  nitric  acid  on  appa.'i>tU8  of  the  same  design  as  that 
used  to  produce  nitroglycerin  (Bibl.7),  but  the  tochnological  process  has  certain 
specific  features.  More  HgHWiM  rigorous  demands  must  be  ■Hi  met  by  the 
starting  raw  material,  particularly,  the  diethyleneglycol.  The  latter,  like 
glycerin,  is  subjected  to  test  esterification  in  addition  to  the  standard  tests 
for  the  purpose  of  holding  iaqpurities  to  very  narrow  limits. 
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In  Oeraany,  eaterlflcatlon  of  diethyleneglycol  at  the  majority  of 
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enterprises  is  performed  by  the  Nobel  method  (as  is  the  case  with  glycer^),  and 
only  at  a  few  plants  is  it  done  on  lUBiX  continuous-action  apparatus  eaqploying  the 
Meissner  fHOaCiK  method. 

Diethyleneglycol  is  esterlfied  by  a  mixed  acid  of  the  following  composition: 

33  -  35^  HNO3;  64  -  65^  H2SP(^,  and  0-2^  H2O.  The  specific  features  of  the 
process  are  the  following:  a  coolant  brine  at  -15°  is  introduced  into  the 
nitrator  coils,  and  the  entire  process  is  run  at  15  -  20°,  whereas  at  its  conclusion, 
the  mixture  is  cooled  to  10°.  The  separator  is  provided  with  coils  to  cool  the 
reaction  mixtiu'e  should  the  tcagjerafuTs  rise  to  over  x0°.  The  rteiction  mass 
contains  k  -  b%  diethyleneglycoldinitrate,  tending  to  decomposition,  in  dissolved 


form. 


Tale  is  added  at  some  plants  toward  the  end  01’  the  separation  nei'iod  to 
accelerate  the  process. 

Cooling  is  also  sustained  in  the  first  washing  vat,  as  a  cotuiderable  quantity 
of  nitric  acid  is  present  in  solution  in  the  products  separated  from  spent  acids. 
For  the  rest,  the  process  is  wholly  identical  to  nitroglycerin  production. 

The  spent  acid  is  of  approximately  the  foliating  cong>osltlon:  6QK 
10  -  11^  HNO3;  23  -  25%  H2O  and  3  -  k%  dlethyleneglyccldlnltrate.  UI  Because  of 
the  readier  oxidizability  of  diethyleneglycoldlnitrate,  and  because  of  the  higher 
content  thereof  in  spent  acid,  the  latter  is  less  stable,  and  long-term  settling 
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thsreof ,  M  is  the  case  in  nitroglycerin  production,  is  not  pendeslble.  HIMW 


Therefore,  the  spent  acid  is  lonediately  sent  to  XX  stabilization  and  then  to 
denitration.  Stabilization  is  performed  in  a  destructive  distillation  column 
by  the  procedure  Illustrated  in  Fig.  10/^, 


c) 


Fig.lOy*  -  Diagram  of  Stabilization  of  Spent  Acid 
1  -  Spent-acid  collector;  2,  9  -  Metering  tanks;  3,  4,  5,  6,  7  -  Destructive 
distillation  columns;  8  -  Trap;  10,  11,  12  -  Condensers 
a)  Spent  acid;  b)  Wash  water;  c)  To  absorption;  d)  To  denitration 

collector  (1), 

The  spent  acid  goes  to  mXMXSiflfXiy  from  which,  through  a  metering  tank  (2), 
it  goes  to  the  first  vessel  of  the  destructive  distillation  column  (3),  which  has 
five  such  vessels  (3  -  7).  The  interior  of  these  vessels  is  of  thermoailid,  and 
the  heated  Jacket  is  of  oast  steel.  The  acid  wash  water  goes  to  trap  (8),  vfiere 
another  .small  quantity  of  entrained  nitro  products  is  removed.  From  trap  (8),  the 
wash  water  goes  to  metering  tank  (9)  and  then  to  the  third  vessel  of  the 

destinictive  distillation  column  (5). 
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Before  the  start  of  the  work,  the  destructlTe  distillation  eoluan  is 
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filled  with  'JOfL  sulfuric  acid  and  heated  with  steam  (3  atm)  to  90  -  lOOO. 

Subsequently,  this  teiBperat\u*e  is  maintained  by  the  heat  of  reaction  emitted. 

to 

During  the  period  required  for  the  spent  acid  XUBfiK  pass  through  the  column, 

the  nltro  product|  it  contains  decomposes  in  its  entirety.  The  heated  acid 

from  the  final  vessel  of  the  destructive  distillation  column  (7)  goes  to 

condenser  (10),  and  from  there  to  denitration  and  concentration.  The  dilute 

nitric  acid  goes  through  a  cosnon  line  frcan  the  five  vessels  of  the  destructive 

distillation  column  to  condenser  (11),  iuid  from  there  back  to  the  destructive 

distillation  column.  The  nitric  oxides,  both  from  the  condenser  (11),  and  from 

the  »K»mnf  vessels,  go  to  absorption  via  condenser  (12). 
concentration  of  the 

Denitration  and  XHWnfiUnnnfWmiM/ spent  acids  freed  from  organic  substances 
may  be  performed  in  any  concentration  column,  with  addition  of  the  corresponding 
quantity  of  sulfuric  acid. 

D.  Pentaerythrltoltetranitrate  (PETN.  Pentrite) 

Pentaerythritoltetranitrate  (PETN)  is  a  nitrate  ester  vjf  a  multiatcanic 
alcohol  of  pentaer^hrite.  It  is  fii’st  obtained  by  HSBMI  ToUens  in  1891.  It 
is  the  most  stable  of  the  nitric  esters  and  is  an  explosive  of  comparatively  low 

sensitivity  to  nechanlcal  effects.  Its  formula  is 

CHjONO, 

I 

OiNOCHz  -  C  -  CH2ON  Oj. 

I 

CH2PNO2 
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PETM  is  on#  of  ths  powerful  brlssnt  explosives,  the  production  of  which 


has  available  a  virtually  unlimited  supply  of  raw  materials,  as  the  primary 
materials  for  its  mantifacture  are  synthetics.  Ihe  expansion  of  organic  sjmthesls 
IXX  has  made  it  possible  to  reduce  the  cost  of  production  of  the  initial  products 
for  the  manufacture  of  pentaerythrite  -  formaldehyde  and  acetaldehyde,  and  this 
was  the  stimulus  to  the  development  of  PSTN  production.  Formaldehyde  is  today 
manufactured  in  large  quantities  from  IjEK  synthetic  methanol.  Acetaldehyde  from 
acetylene  by  catalytic  hydration  in  the  presence  of  mercury  salts. 

Nevertheless,  the  cost  of  PETN  is  today  still  high,  and  therefore  it  is 
ea^sloyed  in  peacetime  industry  chiefly  in  percussion  caps  and  goes  to  the 
production  of  detonating  fuaeg  PETN  caps  have  considerable  higher  initiating 

s 

capacity  than  caps  of  ZX  fulminating  mercury  or  tetryl  XXZI  azide. 

Because  of  its  high  sensitivity  to  mechanical  effects,  PETN  is  not  used 

in  the  pure  form  to  fill  munitions. 

rectified 

In  Italy,  PETN,  rXIjMtmM  with  20^  paraffin,  and  called  "pentrit  F"  was 

used  to  fill  75  and  77  am  armour-piercing  shells,  while  a  mixture  consisting  of 

rectified 

80^  annonium  nitrate  and  ZOU  PETN,  by  ZOf,  paraffin,  and 

designated  ZE  PNP,  wis  es^loyed  to  fill  fragmentation  and  contact-fragmentation 

shells  of  fflsdixim  cal.lbers.  In  Germany,  PETN  was  produced  both  in  the  pure  and 

rectified  rewtifier 

in  the  fmgmrMg  form.  In  seme  case,  the  inmipiPm  content  achieved  40<. 

•  Unrectified  PETN  employed  to  nanufactxxre  m  detonating  fuze  and  as  a 

secondary  charge  in  percussion  caps.  HSTN  rectified  with  5  and  lOJf  synthetic 
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wax  was  aaployad  in  the  pressed  fora  for  suppleasntary  detonators  and  to  fill 
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MUEKIdi  fragaentatlon-traeing,  fragmentation,  and  fragmentation-ineendiarjr 
sraall-caliber  sheila  (to  50  nn). 

PBTH  containing  15  -  20^  rectifier  XXX  en9)lo7ed  to  fill  annoiir-pierclng 
and  armour-piercing  tracer  shells.  PETN  with  30  -  40^  rectifier  and  dye  was 
enqployed  to  fill  signaling  and  smoke  camouflage  shells. 

Section  1.  Chemistry  of  Production.  Properties,  and  Application  of  FETO 

\ 

PETN,  or  pentaerythritol^tetranitrate  is  a  nitric  ester  of  quadri-atomic 

'\ 

pentj'aerythrite  alcohol. 

Pentaerythrite  itself  CtCH^OH)^  is  obtained  by  condensation  of  acetaldehyde 
and  fonnalde^iyde  in  tha  presence  of  calcium  hydroxide.  In  IMitlHBPgSI  accordance 
with  the  following  reaction: 

2CH,COH+8HCOH+Ca(OH),-  2C(CH,OH),+-(HCOO),Ca. 

Pentaerythrite  is  a  white  crystalline  substance  iXXZZK  melting  at  260<’, 
odorless,  and  sweetish  to  the  taste.  It  is  readily  soluble  in  water  (5.55  parts 
pentaerythrite  dissolved  in  100  parts  water  at .15°). 

Pentaerythrite,  particularly  the  technical  product,  contains  a  considerable 
quantity  of  impxirities.  Ihe  major  impurities  -  dipentaerythrite  -  X)[  is  a  product 
of  the  condensation  of  two  molecules  of  pentaerythrite: 

2C  (CHjOH)«  HjO  +  C  (CHjOH),  -  CHj  -  O  -  CHj  -  C  (CHjOH),. 

The  dipentaerythrite  present  in  HiMtill  pentaerythrite  reduces  the  melting 
point  of  the  latter,  fonniaf  a  eutectic  mixturb  melting  at  100°  (Pig.  105) 
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(7Q<  p«nt»-  and  305i  dipentaerythrita),  1116  dipentaerythrite  melt  at  221® 


Technical  pentaerythrite  with  a  melting  point  of  235®  contains  10!i  dipontaerythrito. 

A  second  inevitable  iji^urity  in  BqHWgnc  pentaerythrite  consists  of  sugary 
substances,  which  form  as  a  consequence  of  the  aldol  condensation  of  formaldehyde 
in  an  alkaline  medium  ‘ 

6HCHO  CH20H(CH0H)4-CH0. 


The  content  of  these  impurities  attains  0,26^. 

A  third  impurity  consists  of  resins  which  give  the  product  a  yellowish  color. 
Of  the  inorganic  impurities,  the  most  import^mt  is  lime,  which  causes  the  product 
to  contain  up  to  0,25^  ash. 


The  high  content  of  oxidizing  and 
ffltlf  sugary  substances  in  pentaerythrite  gives 
rise  to  side  reactions  when  the  nitric  ester 
is  produced,  a  result  of  these  reactions  being 

Fig. 105  -  Diagram  of  Fusibility  an  increase  in  ten^mrature.  Sudden  and  strong 

of  Mixtures  of  Penta-  and  upcsi 

increase  in  temperature  il  the  esterification 

Dipentaerythrite 

a)  Penta-;  b)  Dipenta-  of  pentaerythrite  by  nitric  acid  may  BOB! 

give  rise  to  crackling  and  even  to  explosion,  and  therefore  it  is  necessary  XX 

carefully  to  follow  the  process  to  make  sure  the  content  of  such  iapurltles  does 

not  exceed  the  standards  provided  by  the  tftl  specifications. 

« 

The  quality  of  the  pentaerythrite  also  affects  the  yield  of  FETN.  The  yield 
of  crystalline  FETN  frost  pentaerythrite  at  a  melting  point  of  210®  is  about  SQt, 
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and,  with  a  aeltlng  point  of  238°  -  about  92jl. 

The  pentaerythrlte  employed  to  produce  FETN  should  have  a  melting  point  of 
not  less  than  240°,  and  should,  uppn  test  esterification,  result  In  a  PETM  yield 
of  not  less  than  90ll  theoretical. 

By  the  effects  of  nitric  acid,  pentaerythrlte  XX  may  readily  be  converted  to 
eater  on  the  following  reaction: 

C(CH20H)4  +  4HN03  7-  C(CH:ON02),  +  4HjO. 

When  this  occurs,  the  concentration  of  acids  should  not  be  less  than  86^  HNO^. 

^(1 

With  increase  in  the  concentration  of  initial  nitric  acid, ^'product  yield  rises. 

The  bath  module  is  chosen  so  that  the  spent  acid  will  contain  80  -  82^  HNO^. 
Reduction  in  the  bath  module  and  concentration  of  the  initial  nitric  acid  results 
in  intense  acidifying  processes. 

The  reaction  temperatia*e  and  nitric  oxides  also  affect  the  oxidizing 
processes.  Therefore,  the  temperature  of  esterification  should  not  exceed  20<’, 
and  the  nitrogen  oxides  content  of  the  nitric  acid  should  not  be  more  than  2%. 

The  process  of  pentaerythrlte  esterification  is  exothermic  and  proceeds  at 
high  speed.  Therefore,  very  vigorous  agitation,  good  cooling,  and  batch-wise 
addition  of  alcohol  to  acid  is  required  if  the  IDJC  necessary  temperature  is  to 
be  sustained. 

Stettbacher  (6ibl.29)  recovends  that  sifter  the  mixing  of  the  pentaerythrlte 
and  nitric  acid  is  concluded,  three- or  fouiwfold  the  quantity  of  cosaercial 
sulfuric  acid  (measured  against  the  pentaerythrlte)  be  run  into  the  nltrator 
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334  to  eoaplete  tha  roactlon  and  for  aore  oon^late  separation  of  the  PETN  from 

have 

the  acids.  Later  investigations /demonstrated  that  this  operation  is  unnecessary. 
Esterification  by  nitric  acid  alone  goes  quite  completely,  and  the  resultant  PETO 
comes  dovm  as  crystals  from  the  spent  acid  because  of  its  low  solubility  in  dilute 
acids.  Complete  separatlm  of  the  PETN  is  achieved  by  additional  dilution  of  the 
spent  acid  with  water  to  a  concentration  of  40  -  50^  in  terms  of  HNO^. 

•  By  another  method,  PETN  is  produced  via  sulfuric  ester  with  subsequent 
reesterification  at  55  -  60°  by  addition  of  nitric  acid  (Bibl.30). 

In  some  respects,  this  method  is  convenient  in  the  performance  of  a  continuous 
nitration  process,  inasmuch  as  it  is  easier  to  meter  liquid  components  than  solid 
(pentaerythrite).  Moreover,  in  view  of  the  higher  temperature  of  the  process, 
tap  water,  rather  than  cooled  brine,  may  be  used  for  cooling. 

When  sulfuric  acid  is  reacted  with  pentaerythrite,  pentaerythrite  sulfate, 
and  ester,  is  produced  by  the  following  reaction 

C  (CH,OH)«+.«H8SO,;i C  (CH,0H)4_,(CHj0S0,H),  +  ;cH20. 

X  equals  two  or  three,  i.e.,  reaction  with  sulfuric  acid  yields  either 
pentaerythrite  disulfate  or  pentaerythrite  trisulfate. 

Conversion  of  this  product  to  nitric  esters  is  performed  with  concentrated 
nitric  acid  or  with  melange  in  accordance  with  the  following  equation 

c  (ch,oh)4_.,(CHjOso,h),+4  hno,;:ic(cHjON08)4+ 

+  (4-x)H,0  +  xH,S04. 

I  ■  ■ 

The  smpeeesterif Ication  '^ntaerythritddl-  or  pentaerythritdtrisulfate  is 

M  '  ' 
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■ore  dlffloult  than  the  esterification  of  pentaerTthrite.  If  the  esterification 

of  the  latter  by  nitric  acid  goes  vdth  sufficient  rapidity  even  at  0°,  XXX 
reesterification 

iitaianyiiJfWMi  of  the  former  begins  at  35  -  U0°,  and  occurs  with  sufficient 
rapidity  only  at  55  -  60^. 


tiL- 

An  intermediate  product  of  the  auperesterification  of  pentaerythritedi- 

or  pentaerythritetrisulfate  Is  pentaerythritedinitrate  disulfate 

IC  (CH20N0i)s  (CH20SO;«)2l, 

which  does  not  completely  convert  to  PETN,  but  remains  in  part  therein  (Bibl,30). 

The  mixed  esters  are  unstable  and  constitute  the  cause  XX  of  the  low 
stability  of  unstabilized  PETN.  In  order  to  obtain  stable  PETN,  free  of  mixed 


esters,  esterification  of  pentaerythrite  disulfate  by  nitric  acid  is  perfomiod 


at  an  elevated  teaperature  of  the  order  of  55  -  60®.  However,  in  order  for 
coii5)lete  removal  of  unstable  Ziii  impurities  to  occur,  the  FETN  has  to  be  subjected 
to  special  stabilization  -  boiling  with  soda  solution  (soda  cooking)  and 
recrystalllzatlon. 

The  PE1N,  washed  with  water,  Is  treated  for  an  hour  with  boiling  soda 
solution,  and  then,  after  filtration,  is  dissolved  in  acetone.  Asnonium  carbonate 
is  added  to  the  solution  obtained  to  neutralise  the  Jill  mineral^  and,  probably, 
organic  acids  in  the  PETN.  The  solution  is  fi. >ered  free  of  excess  (NH^)2C0^  as 


stream 


well  as  of  other  mechanical  Iqniritiea,  and  is  cooled  or  run  in  a  sllHWinto 
two  or  three  times  the  quuitity  of  water,  in  order  to  separate  out  the  PETN 
crystals. 
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When  PETN  ia  cryataj^  out  of  acetone  aolution  by  addition  of  water,  it 

ia  neceaaary  to  bear  in  mind  the  poaaibility  that  impurities  poorly  diaaolved 

in  aqueoua  aolutions  of  acetone,  which  reduce  the  quality  of  the  PETN,  may  alao 

come  down  at  the  aaaie  time. 

haa 

Amaonium  carbonate  Xi  important  ahortcominga  as  a  PETN  stabilizer.  In  hot 
acetone  aolution,  it  decomposes  into  aamonia  and  carbon  dioxide,  which,  entering 
the  reflux  condenser  jointly  with  the  acetone  fumes,  recondense,  whereupon  the 
amnonium  carbonate  thus  formed  clogs  piping  with  the  result  that  the  withdrawal 
ventilation  is  interrupted. 

Moreover,  the  ammonium  carbonate  XS  gives  rise  to  partial  condensation  of 

acetone  with  formation  of  an  unsaturated  isopropylideneacetoneketone  XXtWUCUjfl 
or  mesityl  oxide, 

£EXS4/in  accordance  with  the  following  mechanism: 


CII.-C.-CII3 

C1I3-COH-CII, 

CII3-C-CH. 

II 

1 

II 

0 

CM; 

1 

-lijO  CH 

— >  1 

’  Cl  141 

c=o 

c=o 

) 

1 

c=o 

I 

CHj 

CHj 

01I3  (mesityl  oxide) 


Mesityl  oxide  is  a  highly  reactive  substance  and  will  therefore -readily 
react  with  amnonla  obtained  from  the  ammonium  carbonate,  and  thus  forms  JODOOBl 
2-amlno-2>methylpentanone  or  dlacetone  amine: 


(Nll<)j  CO3  ->  2NI I3  +  COj  +  HjO; 


CHj-C-CHa 

II 

CH 

I  .  +NH3- 

c=o 


CM3  -c  — NHj  — CM 


3 


CHj 

I 

C=0 


I  I 

CHj  .  CH3 
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We  Also  XX  know  that  acetone  reacts  directly  with  aanonla,  fonalng  acetone 


amine  in  the  process,  and  this  latter  readily  condenses  with  acetone,  to  yield 
dlacetone  amine  in  accordance  with  the  following  mechanism: 


CHa 

CHa 

CH3-CNH2-CH3 

1 

1  ,0H  -fCII.CO-CH, 

1 

CH, 

C=0  +  NH,  c 

I  I  -“■° 

CH, 

CHa 

0 

II 

CHa  • 

The  use  of  soda  instead  of  the  amnonium  carbonate  is  capable  of  eliminating 
these  shortcomings. 

The  method  of  crystallizing  PETN  by  suspension  of  a  solution  thereof  in 
nitromethane,  in  water,  followed  by  driving  off  the  azeotropic  mixture  of  solvent 
with  water,  has  been  described  {Bibl,3l).* 

Properties  of  PETN.  PETN  (Bibl.32,  33)  is  a  white  crystalline  substance  with 
a  melting  point  of  141  -  142°,  and  a  specific  gravity  of  ,1.77.  PETO  presses 
poorly.  Pressing  permits  a  density  of  1.70  gm/cnP  to  be  obtained.  Tlie  specific 
heat  of  PETN  is  0.4  kcal/gm°C. 

PETN  is  nonhy^oscopicj  its  solubility  in  water  at  19°  is  0,01^,  and  at  100° 
0.035^.  The  solubility  of  PETN  in  other  solvents  (Blbl.32,  34)  is  presented  in 
Tables  101,  102,  103,  from  which  it  is  evident  that  acetone  is  the  best  solvent 

e 

e 

thereof.- 

PETN  is  a  neutral  substance  and  does  not  react  with  metal.  It  decooposes 
after  a  long-term  reaction  with  bases  and  acids  (Bibl.35). 
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PETN  yields  eutectic  nixtures  (Blbl.32),  presented  in  Table  1(V»,  with 
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many  nitro  eoii9)ounds. 

When  a  eutectic  of  PETN  and  TNT,  PETN  and  tetryl,  and  ttllXX  similar 
substances,  are  heated,  above  their  melting  points,  decomposition  of  the  PETN 
•  will  occur  (Blbl.36). 

PETN  is  of  adequate  stability,  and  exceeds  many  nitrates  of  multiatomic 
alcohols  in  stability.  This  property  is  explained  by  the  fact  that  four 
methoxyl  groups  are  located  around  the  central  atom  of  carbon;  it  is  possible 
that  the  fact  that  PETN  is  a  solid,  is  also  of  significance  (Bibl,37,  3®). 

Decomposition  of  PETN  with  liberation  of  nitrogen  oxides  at  140  -  145° 
achieves  a  significant  velocity  within  half  an  hour  of  the  beginning  of  the 
experiment.  At  175®,  the  product  XiUUiXUl  intensively  emits  brown  fumes  of 
nitrogen  oxides,  and  detonation  occurs  at  215°. 

PETN  deflagrates  with  difficulty,  but  when  ignited  (in  small  quantities) 
it  bums  quietly. 

One  of  the  major  iiqpuritles  of  PETN  is  WCX  dlpentaerythrltehexanltrate 
(CH.,0N0;,)3C  -  CH,  -  0  -  Crh  -  C  (CH  .OXO.jj, 
vdilch  reduces  its  sisltlng  point. 
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Table  101 


c) 

‘I) 

.  _ 

e) 

f) 

g) 

0 

0,19 

0,07 

0,20 

__ 

0,15 

lU 

0.24 

0,08 

0,22 

0,15 

0,17 

20 

0.45 

0,16 

0,25 

.0,30 

0,23 

‘  30 

0,71 

0,27 

0.51 

0,45 

0,13 

35 

— 

— 

0,45 

— 

— 

40 

1. 16 

0,12 

— 

1,16 

0,62 

50 

1.8 

0,71 

_ 

2,01 

1,10 

60 

2,60 

1,21 

- 

3,35 

2,49 

62 

- 

— 

—  . 

- 

65 

3,24 

— 

— 

— 

-- 

70 

— 

1?  '22 

- 

5.40 

3,29 

74 

— 

3,79 

— 

— 

— 

80 

— 

— 

-- 

7,90 

5,85 

90 

100 

- 

- 

— 

9,12- 

15,92 

113 

- 

30,69 

a)  Temperature,  OC;  b)  Solubility  of  PKTN,  XBB  gm,  in  100  gm  solvent; 
c)  Methyl  alcohol;  d)  Ethyl  alcohol;  e)  Ethyl  ethrsr;  f)Ben2one;  g)  Toluene 


Table  102 


•  q) 

1 

0  : 

1 

d) 

, 

b) 

f)  <3^ 

h) 

1 

i) 

25 

1,1  j 

1.8 

0.9 

1.5  ' 

3.0 

0,8 

26,4 

100  : 

1 

24,6  1 

33,1 

^  19.3 

25.4 

3J,5  1 

15,8 

1  42,0 

a)  Temperature,  OC;  b)  Solubility  of  PETN,  gm,  in  100  gm  solvent;  c)  Ce''lo8olve 
d)  Methyl  cellosolve;  e)  Carbitol;  f)  Methyl  carbitol;  gtyTMmwimiiMTY 
g)  Carbitol  acetate;  h)  Butyl  carbitol;  1}  0ia»thyl  formamide 
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Table  103 


0) 


0 

1  2,5  ^ 

10 

.  _ 

! 

25 

31,1 

25,6 

45 

50,6 

— 

55 

r>6,6 

60.0 

62 

— 

— 

a)  Temperature,  °C;  b)  Solubility  of 
various  quantities  of  water,  gm 


b) 


1 

9,07  ■ 

10,0 

14,29 

30 

— 

16,4 

20,0 

22,0 

9.4 

3. .4 

29,9 

33,0 

22,1 

— 

.37,5 

30,7 

9,7 

- 

•12,7 

-• 

i  “ 

[,  gm,  in  100  gm  acetone  containing 
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Table  lOi* 


«) 

Meta-dlnitrobenzene 
2 , 4-Klinitrotoluene 
a -trinitrotoluene 
Tetryl 

Nltromannite 


w 

1 

20 

82,4 

10 

67,3 

13 

76,1 

30 

111,3 

20 

1  '  101,3 

a)  Conqjonents  of  eutectic;  b)  PETTI  in  eutectic,  %•,  c)  Melting  point,  ®C 


Dipontaorythrit<^exanitrate  was  first  obtained  in  1IU2  1932  by 
Bruen 

liffla  (Bibl.33). 


Its  molting  point  is  73.6®, 


15® 

its  specific  gravity  d^^g 


1.630  . 


It 


differs  from  PETN  by  its  good  solubility  in  cone,  nitric  acid  and,  therefore. 


a  considerable  quantity  thereof  remains  in  the  spent  acid.  ITie  solubility  of 
dlpentaerythrlt^exanltrate  in  acetone  is  similar  to  the  of  PEIW. 


641 


Technical  PETN  contains  up  to  ’>%  dipentserythritohexanitrate. 


Because  of  its  inferior  explosive  properties  (206  lower  than  those  of  PSTN), 
dipentserythritohexanitrate  reduces  the  power  of  the  latter,  and  therefore,  the 
presence  of  dipentserythritohexanitrate  as  an  in^iurity  in  PEW  is  undesirable. 

PETN  is  highly  sensitive  to  UXXX  impact.  When  a  wei^t  of  2  kg  is  dropped 
from  17  cm  it  will  .detonate  virtually  everytime,  XiXX  but  in  some  cases 
detonation  will  occur  »Aen  the  height  is  only  15  cm,  and  sometimes  even  at 
10  cm. 

The  major  explosive  properties  of  PETN  and  dipentserythritohexanitrate 
(Bibl.33)  are  presented  in  Table  105. 

Table  105 


'  ij  i  c) 


Sensitivity  to  isroct  at  2  kg  weight  I 

dropped  from  height,  in  cm 

Heat  of  explosive  decomposition  in  kcal/kg  | 

Volume  of  gaseous  explosion  products  in  kcal/kg  | 
Velocity  of  detonation  m/sec 

Expansion  in  WSIf!^>qSS««li’pqei  Trautzl  block, ml  | 
Limiting  weight  of  detonation,  gm:  j 

fulminating  mercury  i 

lead  azide 


17 

j 

14 

1385 

1092 

790 

903 

8300 

7410 

570  ■ 

j  380 

0.17 

i  ^ 

0,03 

1  0.18 

a)  Characteristic}  b)  PETN;  c)  Dipentaerythritohexanitrate 


The  data  presented  in  the  Table  show  that  PETN  is  a  powerful  brisant  explosive. 

It  is  eiig)loyed  as  a  secondary  charge  in  percussion  oaps  for  the  production 
of  detonating  fuzes  and  for  the  manufacture  of  detonators  for  artillery 
explosives . 
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In  order  to  reduce  the  eenaltlvlty  of  FETN,  there  have  been  experiaente 
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in  its  emplojraent  alloyed  with  yarloiia  uiitMitaif  nltro  derivatives.  Investigation 
of  these  alloys  shwed  that  they  are  lower  in  sensitivity  and  arc  of  adequate 
stability. 

Thus,  when  a  oast  mixture  of  PETN  and  TNT  (50:50)  was  stored  for  3  yrs 
at  ordinary  temperatures,  the  IN  pH  diminished  from  6.58  to  5.46.  The  stability 
of  PETN  also  dimini8l:?''»dien  other  nitro  derivatives  of  benzene  and  toluene  are 
added  thereto.  The  maximum  reduction  in  stability  is  caused  by  the  mononitro 
derivatives. 

Vaseline,  paraffin,  and  ozocerite  are  good  rectifiers  for  PETN,  but  they 
significantly  reduce  its  power. 

The  specifications  that  have  to  be  met  by  the  cry.'jtallized  PETN  are 
the  following: 

1)  Appearance  -  fine  crystalline  powder,  white  in  color  (slightly  grayish 
is  permissible)  without  foreign  impurities  visible  to  the  eye  and  without 
visible  signs  of  moistness; 

2)  Melting  point  between  138  -  140®; 

3)  Not  more  than  0.1^  MiUM  moisture  and  volatiles; 

Not 

4)  fOBt  more  than  0.1^  acetone-insoluble  inqjuritlss  at  ordinary  tenqperatures ; 

5)  Ash  content  not  over  0.2^,  and  no  more  than  0.01$  silica; 

6)  Absence  of  free  acids; 
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7)  Stability,  daternined  by 


110°  for  8  hra,  not  less  than  5.5} 

8)  Stability  to  iodized  starch  test,  1  hr  at  60°. 

Section  2.  Teehnolottr  of  PETN  Production  (Bibl.17.  30.  32.  39) 

A  special  feature  of  the  PETN  production  process  is  the  fact  that  the 
initial  product,  pentaerythrite,  is  a  solid  vdth  a  high  melting  point.  Metering 
of  the  solid  initial  component  is  considerably  more  difficult  than  metering  of 
liquids. 

Industrial  production  of  PETN  may  be  performed  in  two  ways:  a  two-stage 
method  with  prior  production  of  pentaerythritol  sulfate  then  converted  to 
nitrate,  and  a  single-stage  method  involving  direct  production  of 
pentaerythritol  nitrate. 

In  both  cases,  the  process  is  carried  out  by  addition  of  pentaerythritol 

to  the  corresponding  apparatus  filled  with  sulfuric  or  nitric  acid.  The 
dissolves 

pentaerythritol  MMBH}  in  these  acids.  ’  The  solution  process  TMYjWKaw  precedes 
esterification  and  apparently  determines  the  overall  speed  of  the  process. 

Good  agitation  and  the  presence  of  sufficiently  fins  pentaerythritol 
(not  clunked)  is  a  necessary  condition  for  the  technology  of  esterification. 

The  two-staae  method.  This  method  was  suggested  before  the  single-stage 
(Blbl.30),  inasstuch  as  it  appeared  that  the  chances  of  its  application  were 
greater.  ITis  process  consisted  of  two  stages,  the  first  -  production  of 


pentMrjrthrltol  aulfate  and  the  second  -  production  of  pentaerythrltol  nitrate 
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Both  the  first  and  second  stages  may  be  run  at  elevated  temperatures  |XX 
(50  -  60*’)t  without  fearing  oxidation  even  in  the  second  stage,  inasmuch  as 
the  hydroxyl  groups  are  protected  in  deri^ng  the  nitrate,  and,  moreover,  the 
nitrogen  oxides  giving  rise  to  this  process  are  bound  by  sulfuric  acid.  The 
o.’evated  temperature  necessary  to  replace  the  sulfo  group  by  the  nitro  group 
makes  it  possible  to  employ  river  water  for  cooling. 

Esterification  by  mixed  acid  may  be  run  in  carbon- steel  equipment.  However, 

condenser 

the  single-stage  method  of  production  of  PETN  requires  and  alloy  steel 

apparatus. 

It  was  assumed  that  the  two-stage  method  of  production  of  PETO  would  be 
considerably  easier  to  carry  out  in  continuous  apparatus  than  the  single-stage 
one  inasmuch,  as  In  this  instance,  jOCK  it  will  not  be  pentaerythritol,  but  a 
solution  of  its  sulfonic  ester  in  sulfuric  mTl  acid  that  will  be  metered  into 
the  apparatus.  Continuous  metering  of  liquid  eoi>g>onents  is  doubtless  sinq^ler 
and  more  precise  ttian  that  of  solid  components. 

Ttie  following  diagram  for  the  production  of  PETO  by  a  two-stage  process 
has  been  described  (Bibl.30).  In  the  first  stage,  a  10  -  15^  solution  of 
pentaerythritol  in  sulfuric  acid  Is  prepared.  In  the  sec(X)d  stage  Xt  this 
solution  Is  Introduced  into  the  premixing  apparatus  simultaneous^wlth  the 
nitric  acid.  This  premlxlng  apparatus  has  an  agitator  and  a  coolant  surface, 
where  a  temperature  of  12**  Is  aadntalned.  The  mixture  Is  transmitted  to  the 
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lowar  portion  of  th«  second  apparatus,  which  Is  a  colunn  (with  Jackets,  in 


which  water  at  a  temperature  of  40  -  50°  is  circulated).  The  reaction  mass 

in  the  column  is  heated  to  55  -  60°,  raised,  and  discharged  through  a 

at  the  top.  The  rate  of  motion  IDCK  of  the  liqtiid  in  the  column  Is  so  regulated 
that  the 

XMSXS  prO'OtiSS  of  trans-etherification  is  ablo  to  ccmie  |)|to  an  end  completely 

before  the  moment  when  it  emerges  from  the  apparatus. 

It  is  difficult  to  carry  out  the  two-stage  method  of  producing  PETN  in 

a  continuous  apparatus  because  of  the  ]ow  stability  of  the  product.  Experience 

has  shown  that  PETN,  produced  in  this  manner,  has  exceedingly  low  stability 

PETN 

in  the  unpurified  form.  Any  retention  of  this  kind  of  ZDK  in  the  apparatus, 
for  example,  adhesions  to  the  inside  of  the  cover  or  the  wall,  or  to  the  coils, 
results  in  spontaneous  decomposition  of  the  product,  which  may  terminate  in  an 
explosion.  Careful  washing  of  the  apparatus  is  required  to  avoid  this. 


Fig. 106  -  Diagram  of  Manufacture  of  PETN  by  the  Single-Stage  Method 
1  -  Nitrator]  2  -  Nitric  acid  metering  tank;  3  -  Emergency  baths;  4  and  5  -  Vacuum 
filters;  6  -  Vacuum  collector  for  spent  acids;  7  -  Diluting  tank;  $  -  Water  tank; 

9  -  Vacuum  collector  for  wash  water 

a)  Pentaerythrltol;  b)  Acid  PETN;  c)  PETN  to  iNlMBU  washing 
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FEIN  produoad  front  pant&orythritol  sulfate  requires  special  stablUsatian. 
Unstabilised  PETN  tends  to  deconposition  even  at  room  tesqterature. 

The  single-stage  method.  Under  this  method,  the  technological  process 
breaks  down  into  a  series  of  operations: 

1)  drying,  pulverization,  and  screening  of  the  pentaerythritol 5 

2)  production  of  PETN; 

3)  washing  of  PETO; 

4)  crystallization  of  PETN; 

5)  drying  of  PETN; 

6)  screening  and  packaging  of  PETO, 

Pentaerythritol  going  to  the  production  of  PETN  is  first  ground,  dried, 
anil  ifinBtMlgW  screen^.  'Oie  drying  of  pentaerythritol  is  usually  performed 
in  a  drum  dryer  at  a  temperature  of  not  more  than  100®  (Bibl,40). 

Production  of  PETN  goes  in  accordance  with  the  diagram  fTTwre*  illustrated 
in  Fig. 106. 

300  kg  Nitric  acid  (93  -  95%)  is  run  into  thenitrator  (1)  from  metering 

dx 

tank  (2),  and  60  kg  pentaerythritol  is  gradually  charged^with^agitator  working 
at  a  speed  that  will  assure  that  the  temperature  does  not  rise  over  20®.  After 
introduction  of  all  pentaerythritol,  the  mass  is  allowed  to  stand  for  30  min. 

In  the  esteriflqatimi  process,  PETN  is  fonsed,  and  this  comes  deem  out  of  the 
spent  acid  (specific  gravity  1.43)  as  crystals. 
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The  reaction  masa  is  discharged  fron  XUB  the  nltrator  to^ vacuum 
filter  (4)f  where  the  PETN  la  separated  from  the  spent  acid,  collected  in 

a 

the  vacuum  collector *(6).  Then  the  acid  PETN  is  transferred  to  preliminary- 
washing  in  diluting  tank  (7),  filled  with  water. 

The  diluter  is  a  tank  with  «ui  agitator  and  a  false  bottom  of  porous 

ceramic  materials.  The  agitator  is  required , to  prevent  local  overheating 

when  the  acid  PETN  is  run  into  the  water.  6.5  Parts  water  are  rvm  into  the 

diluting  tank  in  advance,  for  each  part  tjf.  of  PETN, 

with 

The  acid  XZ  PETN  is  stirred  XX  the  water  for  15  min,  whereupon  the  agitator 
is  stopped,  and  the  acid  water  is  removed  by  vacuian  through  the  false  bottom 
of  the  diluting  tank.  Then,  the  PETN  is  washed  thrice  in  the  diluting  tank  by 
a  505K  greater  quantity  of  jBCXXXXXXXXX  water.  4fter  this  washing,  the’ acidity 
of  the  PETN  is  about  1%, 

The  PETN  is  then  sent  to  final  washing,  which  is  performed  as  follows. 

A  1%  soda  solution  (6  -  10  times  the  quantity  of  PETN)  is  cha.rged  into  the 
washing  vat.  ZZX  It  is  heated  to  90®,  whereupon  the  PETN  is  gradually  run  in, 
resulting  in  foaming  of  the  mixture  as  a  consequence  of  the  liberation  of  carbon 
dioxide.  After  charging  is  cos^lete,  the  mixture  is  stirred  for  an  hour  with  ■tl. 
temperature  at  65  -  90®.  During  the  entire  washing  period,  the  medium  must  remain 
alkaline.  Clungw  of  PETN  crystals  undergo  a  noticeable  break-up  during  the 
washing,  and  the  acid  between  them  is  neutralized  by  the  scda. 

After  the  soda  cooking,  the  PETN  is  filtered  free  of  water  on  a'  vacuum  filter. 
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The  resultant  raw  FE^ni  has  an  acidity  of  about  0,5  -  O.St,  To  aohisTs  an 
iioidlty  of  less  than  0,3%  by  oultlple  washing  of  PETN  is  something  that  has 
not  been  accomplished,  apparently  because  of  the  presence  of  ncmOi 
Intracrystalline  acid.  To  eliminate  this  acid,  PETN  is  re crystallized  from 
acetone.  With  this  object,  the  PETN  dissolves  in  acetone,  whereupon  anoonlum 
carbonate  is  added  to  neutralize  the  acid,  and  the  solution  is  boiled  for  a  ' 

period.  Iho  PETN  is  then  precipitated  from  solution  either  by  cooling  or  by 
diluting  the  solution  with  water. 

Inasmuch  as  the  PETN  going  to  stabilization  contains  15  -  18>K  water,  which 

reduces  its  solubility,  solution  requires  that  excess  acetone  (2.2  -  2.5  parts 
be 

by  weight)  IKN  eoployed  per  part  of  PETN.  MiUCXI  Finely  ground  ammonium 

carbonate  is  sifted  into  this  solution  so  as  to  provide  a  100^  excess  over  the 

of 

quantity  required  to  neutralize  the  acidity  of  the  PETN.  Solution  U  the  PETN 
and  stabilization  are  run  at  58®  for  1  hr. 

oy  After  the  conclusion  cf  this  period  of  time,  the  solution  is  forced  through 
a 

a  filter  into/ crystallizer  preheated  to  50®. 

XKU  The  hot  acetone  solution  of  PEIN  must  not  be  run  into  a  cold 
apparatus,  as  otherwise  the  IHOilia  product  may  crystallize  on  the  walls  and  in 
the  piping.  Therefore,  the  solution  is  slowly  cooled  with  water  delivered  into 
a  Jacket.  If  the  cooling  is  rapid,  a  crust  will  form,  which  may  be  dissolved 
by  heating  the  apparatus  to  58®. 

At  the  conclusion  of  crystallization,  the  PETN  is  separated  from  the 
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aoetcme  on  a  vacuvos  filter.  Thereupon,  the  FGTN  contains  15  -  ZOU  ^ther 
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acetone  liquor,  which  Is  removed  by  washing  with  alcohol. 

The  acetone  Is  employed  three  times,  with  the  addition  of  fresh  acetone 
to  the  mother  liquor  on  each  occasion.  The  spent  acetone  goes  to  fractional 
distillation. 

the  filtered  PETN,  containing  15  -  ZCff  alcohol,  goes  to  chamber  dryers, 

screened 

where  it  is  dried  at  40°  for  12  hrs.  The  dry  PETN  is  jCIMOBW  and  packed  in 
calico  sacks. 

This  is  the  method  of  PETN  manufacture  enqsloyed  during  World  War  II  in 

action 

Germany,  where  it  was  carried  out  in  continuous^XXXMXSUI  apparatus.  Two  methods 
of  producing  PETN  kjre  enployed  in  Germany,  the  filtering  and  stabiliration  of 
the  spent  acid  being  different  in  the  two  methods.  Let  us  present  a  brief 
description  of  the  two  processes  of  PETN  production  (Bibl.’l?,  32). 

The  direct  method  of  producing  PETN,  with  continuous  filtering  ofl  the  spent 
acid,  is  illustrated  in  the  diagram  in  Fig. 107. 

Into  nitrators  (2)  (50  Itr  capacity  each)  with  agitation,  pentaerjrthritol 
and  nitric  acid  (97  -  98^  HNO3)  in  a  ratio  of  1:5,  and  at  a  tesqjerature  of  10  -  25° 
are  delivered  through  metering  devices.  From  nitrators  (2),  the  reaction  mixture 
goes  continually  through  a  V-type  buffer  nitrator  (3)  (40  Itr  capacity),  in  which 
the  sdjcture  is  cooled  to  10  -  15°. 

From  the  Buffer  nitrator,  the  reaction  mixture  goes  continually  to  vacuum 
filter  (4)  (  rotating  at  0.75  rpsi,  and  having  a  filtering  surface  of  0.5  m^).  On 

i 
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the  *fllter,  the  PETN  is  separated  to  12  -^15%  aridity,  and  goes  continually  to  washing 

! 

eoluan  (5}«  where  It  is  washed  with  cold  water.  Discharge  of  the  mshlng  column  is 
performed  periodically  on  vacuum  filter  (7).  Here,  the  PETN  Is  washed  twice  with  hot 
and  once  with  cold  water,  and  is  filtered  to  12  -  1^%  moisture.  The  washed  PETN  is 
unloaded  manually  into  sacks  and  sent  to  crystallization. 


Fig. 107  -  Diagram  of  PETN  Manufacture  with  Continuous  Filtering 
of  Spent  Acid 

1  -  Nitric  acid  pressure  XNXXlXZiOl  tank;  2  -  Naln  nitrators;  3  -  Buffer 
nitrator;  4  -  Vacuum  filter;  5  -  Washing  coliann;  6  and  8  -  Pressure  tanks 
for  water;  7  -  Vacuum  filter;  9  -  Spent  acid  settling  tank;  10  -  Collector; 

11  -  EWmrgency  tank 
a)  Pentaerythritol 

The  wash  waters,  containing  8  -  12^  HNO3  are  discharged  through  traps  into 
the  wa8te'<water  system.  The  spent  acld;go^  to  aluminum  settling  tanks  (9)  for 
24  hrs,  are  then  run  into  collector  (10),  from  which  they  go  to  the  spent-acid 


reservoir.  The  conposition  of  the  spent  acid  is  as  follows:  80  •—82%  HNO3; 
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0,5  -  0.75!t  N2O3  and  1.0  -  nltro  substaneas.  After  settling,  the  spent  add 
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a) 


contains  about  0,15$  nitro  substances. 

The  nitrous  gases  emitted  are  absorbed  by  water  in  an  absorption  column  and  the 
acid  obtained  in  the  column  Is  returned  to  production  after  concentration. 

For  purposes  of  stabilization,  the  spent  acid  goes  after  settling  to  tdiat  is 
called  a  destructive  distillation  column,  consisting  of  five  columns  connected  in 
series,  and  having  steasHheat^i^*  Jackets  for  attalnsient  of  a  temperature  of  90  -  100°. 

After  passing  successively  through  all  five 
columns,  the  acid  is  separatsd  from  the 
nitro  product  and  goes  to  a  condenser, 
where  it  is  cooled  to  25  -  30°.  The  bulk 
of  the  nitro  substances  decomposes  in  the 
first  two  columns.  To  strengthen  the 
decomposition  of  the  nitro  substances, 
water  is  delivered  into  the  third  column, 
as  a  consequence  of  which  the  nitric  oxides 
emitted  therewith  accelerate  the  process  of 
acidification.  The  spent  acid  contains 
65  -  70^  HNO3  and  is  free  of  nitro  substances 
'  after  stabilization. 

a 

Crystallization  of  PETti  (diagram  in  Fig. 108}  is  performed  in  a  separate  building, 
containing  two  apparatus  for  dilution,  with  a  capacity'  of  600  Itr  each,  and  two 
crystallizers  having  1100  Itr  capacity  each. ' 


r ' 

[r 


Fig.  108  -  0iagi'am  of  PETN  FMiHfymfllT 

Ho  crys  tallization 

1  -  Acetone  storage;  2  -  Automatic 
acetone  metering  tank;  3  -  Preheater; 

4  -  Solution  tank;  5  -  Filter; 

6  -  Crystallizer;  7  and  9  -  Water 
metering  tank;  6  -  Vacuiun  filter; 

10  -  Mother  liquor  collector 

a)  PETO  to  drying 
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the  epparatua  for  solution,  and  the  crystallisers,  are  aude  of  alualnua,  and  are 

provided  with  agitators  making  150  rpB,and  with  reflux  condensers. 

in  a  quantity  of  360  Itr,  is  / 

Acetone,  delivered  by  conqsressed  air  (or  nitrogen)/ from  XX 

storage  unit  (l)  to  automatic  metering  tank  (2)^  and  from  the  latter  through  a 

protective  vessel  into  heater  (3),  where  it  is  heated  to  50°.  It  then  goes  to 

dilution  tank  (u),  into  1H(IXM^112  kg  moist  (equivalent  to  100  kg  dry)  PETN,  and 

750  gm  sodium  bicarbonate.  After  the  PETN  has  been  dissolved  (30  min)  the  solution 

is  sent  throvigh  filter  (5)  to  crystallizer  (6),  where  another  750  gm  sodium  or 

annonium  bicarbonate  is  added.  The  sodium  bicarbonate  is  added  in  two  JiMX  portions, 

so  as  not  to  create  a  powerfully  alkaline  medium,  which  would  induce  corrosion  of  the 

aluminum  apparatus . 

-/-tow 

Gradually  600  Itrs  of  cold  water  are  run  into  the  acetone  solution  Im  the 
the  metering  tank(7) 

crystallisar  at  30  Iti'/min,  with  the  agitator  operating.  PETN  of  good  free-flowing 


qualities  is  obtained  when  precipitation  is  performed  in  this  manner. 

discharged 

The  acetone,  diluted  to  30^  with  the/ PETN,  Sai444ed,  is  sent  from  the  crystallizer 


to  vacuum  filter  (8),  where  the  PETN  is  filtered  out,  and  washed  twice  with  warm  and 
once  with  cold  water.  The  PETN  separated  from  the  water  (PETN  of  10  -  1^%  moisture 


content)  is  loaded  into  sacks  and  sent  either  to  drying  or  to  phlegmatization. 
Rectification 

PKXmgMtUmmn  is  performed  with  a  synthetic  wax.  PETN  and  water  (1:2)  is 
rectifier 

charged  into  the  {MZVpKEXW,  and  molten  wax  is  added  with  agitation.  The  teiig>erature 
rectifier 

in  the  pNXigMttwy  is  held  at  4  ^  5°  lower  than  the  melting  point  of  the  wax.  Then, 

rectifier 

the  teaperature  in  the  iarTiptt¥in:  la  raised  to  2  -  3°  above  the  melting  point  of 

rectifier 

the  wax,  and  after  15  -  20  min  agitation,  the  pMbqpvkisnc  contents  are  cooled  and 
filtered. 


653 


342 


With  the  purpose  of  producing  more  hosugencous  maiterlal,  the  phlegaatlsed  PE1W 


343  (lOOO  kg)  is  mixed  under  water  and  sent  tor  drying  after  repeated  filtration. 

The  finished  PETW  should  have  a  melting  point  of  not  less  than  138°>  should 

contain  17. 4!^  nitrogen,  and  not  more  than  0,3%  acetone-insoluble  substances. 

The  diluted  acetone  goes  to  fractional  ronCHIICgilHl  distillation  in  a 
fractionating  column 

Holzen-Gklnm  (to  98%  concentration),  subsequent  to  vdiieh  it 

is  again  used  for  crystallization. 

This  method  of  producing  PETN  is  of  adequate  simplicity,  comparatively  safe, 
of  high  output,  and  provides  a  high  yield  and  a  high  ipZ  quality  of  finished  product 
at  conparatlvely  low  rates  of  consumption. 


Fig.  109  -  Diagram  of  FETN  Production  with  Periodic  Separation  of  Spent  Acid 
1  -  Nltrators;  2  -  Diluter;  3  -  Filters;  4  ~  Washing  apparatus;  5  -  Neutralizer; 

6  -  Solution  tank;  7  -  Crystallizer;  8  -  Distillation  colum;  9  -  Acetone  condensers 
a)  Pentaerythrltol;  b)  Water;  c)  Soda  solution;. d)  Spent  acid;  e)  Acetone; 
f)  Acetone  to  recovery;  g)  PETN  to  drying 

ijxnam 

Figure  109  illustrates  the  continuous  method  with  periodic  separation  of  spent 
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'The  pentaerythrltol  is  metered  Into  the  main  nltrstor  (0.5  b3  volume)  wwffi  to 
the  WYHW  vacuum  filter  and  automatic  scales,  by  means  of  a  worm  conveyer.  From 
8toragej99^  nitric  acid  is  simultaneously  sent  to  the  main  nitrator  through  the 
metering  device.  Nitric  acid^^  5-6  parts  by  weight,  is  metered  t)er  1  part 
pentaerythritol  by  weight.  The  temperature  in  the  nitrator,  vrtiich  comes  to  15°,  is 
maintained  by  means  of  brine  cooled  to  -11°. 

From  the  main  nitrator,  the  nitro  mass  goes  to  a  buffer  nitrator  (O.l?  nP  voliane) 
and  then  to  the  diluting  tank  (0.1?  m^  volume),  into  which  water  is  metered.  The 
quantity  of  water  should  be  such  that  the  concentration  of  spent  acid  diminished  from 
80  to  kOf)  in  terms  of  HNO3.  The  temperat’.ire  in  the  buffer  nitrator  is  held  at  10°, 
and  that  in  the  diluting  tank  at  15°  (these  are  also  cooled  by  brine).  Upon  dilution, 
the  PETO  crystallises  out,  and  the  entire  mass  goes  to  the  vacuum  filter. 

The  vacuum  filter  has  an  aperture  In  the  center  of  the  filtering  fahris,  to  this 

aperture  is  attached  a  pipe  connecting  it  to  the  washing  tank.  During  loading  and 

filtration,  the  aperture  is  closed  by  a  plug.  After  the  acid  has  been  taken  off  by 

PETN 


suction,  the  plug  is  removed,  and  the  crystals  of  are  washed  into  the  washing 
tank.  PVom  the  washing  tank,  the  mass  goes  to  a  filter,  and  after  separation  of  the 
acid  water,  the  PETN  is  sent  by  a  powerful  stream  of  water  to  a  tank  in  which  the 
acid  PETN  is  neutralized  by  soda  solutlm.  The  PETN,  treated  with  soda,  is  discharged 
onto  a  filter,  and  after  separation,  M  is  sent  to  the  continuoua-^g^^^j^tyepr******^ 
The  PETN  is  dissolved  completely  in  the  dissolving  tank,  to  tdiich  it  is  sent 


slmultaneouiywith  acetone.  The  solution  is  filtered  and  flows  into  the  tank  for 


dilution  with  water.  HXniWiaC  Upon  dilution,  the  PETN  crystallizes  out  of 
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solution.  The  entire  n&ss  is  sent  through  stills  to  remove  the  acetone.  The  hot 

mass  Is  cooled  and  filtered  iqjon  leaving  the  final  still.  When  the  i^legmatized 

montan 

PETN  has  been  produced,  iXXOSt  wax  (lignite  vax).  In  melted  form,  is  run  into  the 
third  distillation  column. 

The  nitrators  are  in  a  separate  building,  and  the  agitator  shafts  are  Introduced 
through  the  roof.  The  installation  is  equipped  with  control^|||  and  metering 
instruments,  and  the  entire  operation  is  automated. 

The  refrigeration  apparatus  and  tanks  for  storing  the  acid  are  located  alongside 
the  nitration  building.  The  building  for  treatment  of  raw  PETN  with  soda  is  at  the 
same  place. 

After  washing,  the  PETN  is  sent  to  the  next  building  for  recryatallization  a..  ■* 
phlegmatlzation. 

Acetone  losses  in  batch-wise  reorystallization  are  0.125  ton  per  ton  of  finished 

PETN,  and  0.055  ton  when  continuous  recrystallizatinn  is  performed. 

The  spent  acid  is  settled  and  then  concentrated  under  vacuum  to  98  -  99^. 

Cofltttdptlon  of  material  per  ton  of  PETN: 

pentaerythritol . .  0.435  -  0.447  ton 

nitric  acid  (97  -  98^)  . . . .  0.918  -  1.110  ton 

acetone  (lost) .  0.055  -  0.125  ton 

nitric  acid  lost . - .  0.120  -  0.200  ton 

yield  of  ready  PETN . .  %% 

iMXiiatnnmacaBmDc 

Safety  procedure.  Ihe  manufacture  of  PETN  is  dangerous  at  all  stages. 

In  the  esterification  of  pentaerythritol,  it  is  necessary  to  assure  careful 
monitoring  of  the  asssm*  accuracy  with  which  the  ccsq>onents  are  metered,  the  work 


loxnix. 


of  the  agitators,  and  the  taaperature  regime.  When  the  technological  process  is 
steady,  this  latter  factor  is  controlled  by  XX  delivery  of  'coolant  solution  into  the 

e 

coils.  Decomposition  of  the  PETN  is  indicated  by  the  appearance  of  nitrogen  oxides 
and  sudden  rise  in  temperature,  and  when  this  phenomenon  occurs  the  nltro  mass  must 
immediately  be  dumped  into  an  emergency  container  from  the  nitrator. 

The  operation  of  dilution  of  the  nltro  mass  with  water,  in  which  a  considerable 
quantity  of  nitrogen  oxides  is  liberated,  is  also  PU  dangerous.  At  elevated 
temperature,  these  may  cause  decomposition  of  PETTI  and  Ignition  thereof.  Therefore, 
if  the  tenperature  in  the  diluting  tank  should  rise  suddenly,  it  is  necessary 
immediately  to  dump  the  nitro  mass  into  the  emergency  container. 

Monitoring  and  control  of  the  processes  is  most  reliably  realized  by  automatic 
instrumentation. 

^s  followed  by 

^lutioh  of  the  nitro  mass^  the  operation  whereby  PETN  is  filtered  free 
of  the  spent  acids  foMsmB.  This  operation  is  no  less  dangerous  than  the  preceding 
ones.  Uncrystallized  and  unwashed  PETN  is  of  low  stability  because  of  various 

‘v! 

impurities,  and  primarily,  the  acid /it  contains.  PETN  of  this  quality  is  very 
sensitive  to  heat,  and  therefore  special  measures  must  be  taken  in  h2Uidllng  it.  Thus, 
for  exasple,  the  dust  of  unpurifled  PETN  will  readily  take  fire  upon  contact  with 
steam  lines  or  other  heated  portions  of  equipment,  and  therefore  any  such  possibility 
must  be  prevented. 

In  drying  and  packaging  PETN,  careful,  grounding  of  all  apparatus  must  be  assured, 
and  other  measures  must  also  be  taken  to  remove  static  electricity,  inasmuch  as  PETN 
readily  undergoes  electrolysis. 
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1.  mtrio  EatTS  of  Other  Alcohols 


Seotlon  1.  Il»thyl  Nitrate 

nitric  nx  acid  * 

Hethyl  nitrate  CH3CMO2  is  a  ester  of  methyl  alcohol. 

It  was  manufactured,  in  large  quantities,  over  a  long  period,  for  the  dye 
industry  (for  purposes  of  methylation).  As  a  consequence  of  destructive  explosions 
vrtilch  accompanied  its  manufacture  and  application,  its  production  Cor  peacetime 
purposes  was  stopped. 

Methyl  nitrate  is  a  brisant  explosive,  more  powerful  than  hexogen.  At  the  end 
of  World  War  II,  a  mixture  of  methyl  nitrate  and  ethyl  alcohol,  called  Mirol  was 
eiq)loyed  in  Germany  to  fill  aerial  bombs. 

Methyl  nitrate  is  a  colorless,  transparent  liquid  with  an  aromatic  aroma  similar 
to  that. of  chloroform.  Inhalation  of  its  fumes  induces  headaches.  The  specific 
gravity  of  methyl  nitrate  at  15°  is  1.21.  Its  solubility  in  vfater  at  2CP  is 
It  is  of  high  volatility,  and  readily  plasticizes  collodion.  At  65°,  it  will 
distill  without  decoBqposltion. 

Methyl  nitrate  readily  undergoes  combustion  and  burns  quietly  with  a  strong, 

nonluminous  flame.  Ihe  fumes  of  methyl  nitrate  are  highly  explosive  when 

and  explosion  will  also  occur  when  they  are  heated  to  150°. 
impact 

The  sensitivity  of.  methyl  nitrate  is  less  than  that  of  nitroglycerin. 

It  detonates  when  a  KgX  2  kg  weight  is  dropped  from  a  height  of  40  cm. 

Methyl  nitrate  has  a  small  (-10.4!(}  negative  oxygen  balance.  The  volume  of 
gaseous  explosion  products  is  874  Itr/kg,  the  heat  of  explosive  deooog>osition  is 
3>600  kcal/kg,  expansion  in  the  nrauzl  block  is  657  om?,  and  Hess  brisance  is  24.5  am. 

zn 


65« 


345 


Th«  fact  that  BMthyl  nitrate  is  lesa  vlseoua  than  nltrogljrcerin  Bakea  for  a. 


greater  Yeloelty  of  detonation  If  the  container  Is  weak.  The  velocltjr  of  Bsthyl 

nitrate  detonation  In  a  glass  tube  3  In  dlaiaster  Is  2480  m/seo,  and  that  of 

nitroglycerin  tinder  the  aaas  clrcunstanoes  la  1500  n/aac. 

by  careful 

Methyl  nitrate  is  produced  jttOtyiHflfMX  esterification  of  methyl  alcohol  by 
nitric  acid 

y  (specific  gravity  1.4)  or  by  a  mixture  of  sulfuric  and  nitric  acid. 

One  part  methyl  alcohol  introduced,  with  vigorous  agitation,  into  6.3  parts  cooled 

I- 

mixed  acid  (kQt  HNO3  and  60^  H23O4)  at  0  -  10°.  Agitation  is  with  a  mechanical 
impeller,  inasmuch  as  air  is  unsuited  to  this  use  because  of  the  high  volatility  of 
the  starting  and  final  products.  The  ester  is  separated  from  the  spent  acid,  washed 
with  cold  water,  and  then  with  aoda  solution.  The  yield  is  81^  of  theoretical. 

A  method  of  producing  methyl  nitrate  by  the  action  of  a  mixture  of  sulfuric 
and  nitric  acid  upon  excess  methanol  kas  been  described.  Distillation  is  egqaloyed 
to  obtain  a  60^  solution  of  methyl  nitrate  in  methanol  (Bibl.41). 

In  Gsrmany,  a  continuous  method  of  producing  methyl  nitrate  by  esterification 
of  methanol  with  60^  nitric  acid  has  been  developed  (Bibl.42  -  43).  When  this  is 
done,  solutions  of  methyl  nitrate  in  methanol  of  various  concentrations,  from  60!« 
to  pure  100^  methyl  nitrate,  may  be  obtained  as  end  products.  Methyl  nitrate 
manufactured  in  this  way  is  chemically  pure  and  requires  no  further  stabilization. 

A  full  year  of  operation  of  the  apparatus  did  not  result  in  a  single  accident. 

Methyl  nitrate  was  used  in  the  form  of  a  72  -  75%  solution  in  methanol,  inasmuch  as 
the  use  of  pure  methyl  nitrate  is  quite  dangerous,  in  view  of  its  volatility. 

The  mixture  called  Mli»ol  has  the  fonowing  properties:  specific  gravity  1.06j 
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voluM  of  fuoous  exploalon  producto  1075  heat  of  a]Q>loalon  1106  keal/kg; 

expansion  In  IVauzl  block  370  al;  velocity  of  detonation  6300  m/aec. 


Section  2.  Witroisobutrlglyoeri<t.lis*««*<^fc« 


A 


.  .  nitric  acid 

Nitroisobutylglycer^  trinitrate  NP2-C(CH2CMJ02)3  is  the  nitrate  ester  of 

ol 


nitroisobutylglyeertlia.  First  obtained  by  HofwimBier  in  1912.  The  explosive  and 
physical-chemical  properties  of  nitroisobutylglycei^  trinitrate  are  the  same  as 
those  of  nitroglycerin.  However,  it  freezes  at  a  lower  temperature  and  is  less 
volatile.  The  possibility  of  expanding  nitroisobutylglycerl^  trinitrate  production 
involves  development  of  the  production  of  nitromethane,  constituting  the  raw  material 
for  this  purpose. 

Nitroisobutylglycer^a  trinitrate  is  a  slightly  yellowish,  viscous,  syrupy 
siibstance  having  a  specific  gravity  of  1.68  at  15°,  odorless,  and  burning  to  the 
taste.  The  freezing  point  is  below  -35°. 

Its  chemical  properties  are  analogous  to  those  of  ni.troglyr.erin.  The  product 
has  a  zero  oxygen  balance.  Its  heat  of  explosion  is  1707  kcal/kg  {7%  higher  than 
that  of  nitroglycerin), 

NitroisobutylglyceriSa  trinitrate  is  obtained  by  nitration  of  nitroisobutylglycerfe 
with  mixed  acid  of  the  following  coaqjosltlon :  6C^  H2SO4  and  kOjt  HHO3.  The  process 
goes  in  accordance  with  the  following  equation: 

,NO2C(CH2OH),  +  3HN0i  N0jC{CH20N0j)3-)-3H20. 


Product  yield  is  90!(. 

When  nitrolsobutylglyssr^ trinitrate  la  washed  with  soda,  a  stable  emulsion  is 
formed  from  which  It  is  extracted  by  chloroform  or  ether.  Horeover,  the  product  is 
highly  sensitive  to  the  Effects  of  imil  alkaline  substances,  and  this  coBi)lic«tes 
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ita  ftablUaatlon. 


•• 


The  initial  produnt  -  nitrolaobutylglycer^^  -  is  produced  by  condensation  of 


1  molecule  of  n}.troiBethane  with  3  molecules  of  formaldehyde  in  the  presence  of  KHCO3: 

NOa-CH,+3HCOH  -*  N02C(CHa0H),. 


Ita  Belting  point  is  130  -  160®.  It  is  purified  by  recrystallization  from 

e 

alcohol^  and  then  dried. 

Section  3.  Mnunitol  Hexanitrate  (Nitromannlte)  (Blbl.  6^;2.44.4S.»46) 

Mannitol  hexanitrate  is  a  nitrate  ester  of  mannite  obtained  from  manna  sap: 

OaNOCHs  (CHONO.O.CHaONOa. 


The  product  was  first  obtained  in  1847  by  Domante  and  Minarcl.  In  appearance,  it 
is  a  vdilte  crystalline  powder  (thin  needles).  The  melting  point  of  mannito^hexanitrate 
la  112  -  113®,  its  specific  gravity  1.604.  It  is  readily  soluble  in  acetone,  ether, 
and  hot  ethyl  alcohol,  weakly  soluble  in  cold  iXXl](  ethyl  alcohol,  and  IMMIHOMi 
insoluble  in  water. 

The  chemical  stability  of  mannitol  hexanitrate  is  low.  American  patents  (Bibl.47) 
indicate)|f  that  its  stability  may  be  increased  by  additions  of  0.5  -  3^  ammonium  salts, 
as  well  as  by  urea  derivatives. 

Mannitol  hexanitrate  takes  fire  with  difficiilty,  and  frequently  detonates  when 

ignited.  When  slowly  heated,  it  decomposes  coiq)letely  at  150®,  with  the  evolution  of 

’  i 

red  fumes,  without  crackling.  Its  sensitivity  to  shock  is  the  same  as  ^nitroglycerin. 
The  heat  of  explosion  is  1510  kcal/kg,  expansion  in  the  Trauzl  block  is  560  ml,  and 
velocity  of  detonation  is  8260  Vsec. 

The  use  of  mannitol  hexanitrate  is  inhibited  by  its  high  sensitivity  and 


inadequate  stability. 
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The  Mthod  of  producing  it  wu  developed  bjr  N.V. Sokolov  (Blbl.48).  Into  e 
veeeel  eonteining  1  part  aannite,  there  is  grsduslly  added  5  parts  concentrated 
nitric  acid  ( specif io  gravity  1.5l)«  To  the  transparent  solution  obtained,  there  is 
added,  gradually,  iirlth  cooling,  10  parts  concentrated  sulfuric  acid,  and  the  mannitol 
hexanltrate  comes  datum  as  a  thick  white  porrldge-llke  mass  tdiich  is  sucked  through 
a  filter  and  washed  first  with  water,  and  then  with  a  weak  bicarbonate  solution. 

A  raw  product  is  re crystallized  from  boiling  alcohol. 

Section  4,  Nitrates  of  a  Mixture  of  Sugar  and  Glycerol  (Blbl.l2) 

Nitrates  of  sugar  and  glycerol  are  employed  in  the  USA  and,  to  some  degree,  in 
Germany.  They  are  produced  by  esterification  of  a  solution  of  si^gar  (beet  or  cane) 
in  glycerol,  as  soon  as  the  sugar  nitrates  in  dissolved  condition  undergo^  HCmilMCt 
stabilization. 

Usually,  mixtures  containing  20  -  25^  sugar  nitrates  and  75  -rSOf  nitroglycerin 

are  engjloyed.  These  mixtures  constitute  a  syrupy  liquid  having  a  specific  gravity 

of  1.605  (  20— BO  mixture)  at  20®,  and  1.612  (if  the  conqsosition  is  25  -  75 )•  The 

chemical  stability  of  these  products  is  lower  than  that  of  nitroglycerin,  but  may 

diphenylamine. 

be  increased  by  the  addition  of  0.1  -  0.2^  The  explosive  properties 

of  those  mixtures  approximate  those  of  nitroglycerin:  Trauzl  fugacity  of  the  20  -  80 
mixture  is  560  enP,  and  that  of  the  25  -  75  mixture  is  530  cnP. 

To  produce  nitrates  of  the  mixture  of  sugar  and  glycei^irr,  a  solution  of  sugar 
in  glycer^ir  is  made.  Solutions  containing  20  -  25/K  sugar  are  esterified  by  mixed 


sulfuric  and  nitric  acid  under  conditions  analogous  to  the  esterification  of  glyce: 
The  nitrates  obtained  are  washed  with  water  then  with  soda  solution,  and  are 
moderately  agitated  to  avoid  the  development  of  a  stable  emulsion.  Solutions  of 
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347  tabla  salt  are  eaployed  to  accelerate  separation  of  the  wash  liquid. 

Msthod8^~of  obtaining  nitrates  of  sugar  have  been  described  which  inrolve' 
treatment  of  a  suapenelon  of  sugar  in  acetic  anhydride  by  a  mixture  of  acetic  antqrdrlde 
and  fuming  nitric  acid  (Bibl.49}>  and  by  the  action  of  a  mlxtvgre  of  nitric  acid  with 
sulfuric  or  acetic  acid  (Bibl.50)  upon  saccharose.  As  a  result  of  this  esterification 
and  subsequent  washing,  crystalline  conpounds  are  obtained,  whose  stability  has  to 
be  higher  than  that  of  the  mixtures  of  sugar  and  glyceril^ nitrates  described  above. 

F.  Cellulose  Nitrates  (Bibl.51) 

Nitrocellulose  first  produced  in  Prance  by  Braconnot  in  1832  by  reacting 

A 

nitric  acid  with  cellulose,  and  in  1838  by  Pelouze  by  reacting  nitric  acid  with 
paper.  In  1846,  Schoenbein,  and  a  year  later,  Boettger  again  obtained  nitrocellulose 
by  reacting  cotton  with  a  mixture  of  nitric  and  sulfuric  acids,  and  made  a  detailed 
study  of  the  conditions  of  its  formation,  and  of  its  explosive  properties. 

The  production  of  nitrocellulose  on  an  industrial  scale  became  possible  only 
in  1869,  when  Abel  in  England  proposed  that  pyroxylin  (the  name  given  to  nitrocellulose 
by  Pelouze  in  1638)  be  reduced  in  size  on  beating  machines  &XX  for  the  purpose  of 
extracting  the  acids  from  the  interior  portions  of  the  fibers,  which  are  difficult 
of  aceess.  This  made  it  possible  to  produce  a  stable  nitrocellulose  capable  of 
being  stored  for  a  long  period. 

Starting  in  1879>  nitrocellulose  began  to  be  employed  on  a 

large  scale  as  a  propellant  (pmder)  in  artillery  and  as  a  brisant  high  explosive, 

in  the  form  of  pressed  cartridges.  In  1885>  a  gelatin  of  nitrocellulose  and 
was  developed, 

nitroglycerin/ calle<r blasting  gelatin."  This  came  into  use  as  a  brisa.it  eiqiloslve. 
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litter^  In  18d9  ^^nitroglycerin  gelatin  of  this  kind,  with  high-nltrogeilulose  were 


developed  as  powders.  Nobel's  substance  was  called  "ballastlte",  and  Abel's  was 
348  called  "cordite#.  These  were^  ssMdcelkss  and  more  powerful  powders  than  the  black 

powder  prevlotisly  used.  Today,  it  is  only  smokeless  powders  that  are  used  in  the 
armies  of  all  countries. 

Nitrocell olose  Is  also  employed  for  civilian  purposes,  as  for  example  in  the 
form  of  the  celluloid  of  motion- picture  film,  fast-drying  lacquers,  etc. 

In  Rtiasia,  the  production  of  pyroxylin  was  begun  in  1892  at  the  Okhta  fowder 
Works. 

Braconnot,  Pelouze,  and  even  Schoenbein  actually  XX  knew  very  little,  practically 
speaking,  jSXX  about  the  chemical  nature  of  nitrocellulose,  because  it  was  teiken,  on 
the  one  hand,  as  a  salt-like  compound  of  cellulose  and  nitric  acid,  and,  the  other, 
as  a  peroxide  conqsound.  XXX  It  was  only  in  1852  that  Bechan  showed  that  XXXXX 

,  s 

nitrocellulose  is  an  ester  of  cellulose  and  nitric  acid. 

Section  1.  Chemistry  of  Production.  Properties,  and  Application  of  Cellulose  Nitrates 
Cellulose  is  a  high-molecular  compound,  and  therefore  XX  as  many  as  three  nitrate 
groups  (14.14^  nitrogen)  may  be  Introduced  into  a  single  ring. 

The  process  of  formation  of  cellulose  nitrates  may  be  expressed  by  the  following 
equation: 

(QHA(0H),|„  +  «13HN03]  ^  lC„H,0:(0N0..)3l,  i-«  !3H:01: 
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The  rMOtion  of  formation  of  eelluloae  nitrate  la  incoaf>letely  rerersible,  aa 
the  phenomanon  of  nltrocelluloae  denitration  la  uaually  accoaqaanled  by  the  aide 
proceaaea  of  oxidation  and  hydrolyaia.  Coa^lete  aubatltutlon  of  all  the  hydroxyl 
groupa  In  the  eelluloae  reaulta  In  a  trl-aubatltuted  cellulose  nitrate  containing 
14.14!{  nitrogen.  If  two  hydroxyl  groups  are  substituted  in  the  cellulase,  the  result 
is  a  nitrocellulose  containing  11. 13!^  nitrogen,  whereas  if  a  single  nitro  group  is 
replaced,  the  result  will  contain  k.1'7%  nitrogen. 

The  nitrate  groups  are  distributed  nonjuniformly  in  the  nitrocellulose 
Bdcrasolecule  because  of  the  noiQiniform  ease  of  svibstitution  of  the  hydroxyl  groups 
in  the  glucose  residue,  and  the  unequal  accessibility  of  the  macromolecules  in  the 
various  portions  of  the  Fiber. 

Thus,  nitrooellvloses  are  noii^Jhomogeneous  in  both  the  chemical  and  physical 
respects.  If  one  takes  Into  consideration  modern  concepts  of  nitrocellulose  as  a 
high-polymer^  substance,  which  is  most  frequently  noif  }iomogeneous  in  terms  of  the 
size  of  the  macromolecule ,  a  particular .pype  of  nitrocellulose  cannot  be  regarded 
as  an  indlvidxial  product,  the  composition  of  which  may  be  expressed  by  some  an^sirlcal 
formula.  Even  a  nitrocellulose  containing  14.44^  nitrogen,  in  which  all  hydroxyl 
groups  are  replaced,  siay  reveal  substantial  differences  in  terms  of  the  size  of  the 
macrcxnolecules,  i.e.,  it  smy  be  physically  nonhomogeneous  substance. 

The  degree  of  esterification  of  nitrocellulose  is  usiially  characterized  by  its 
nitrogen  content  in  %, 

The  specific  gravity  of  nitrocellulose  is  1.65,  but  it  varies  sossawhat  in 
accordance  with  the  nitrogen  content. 

In  addition  to  the  nitrogen  content,  the  other  properties  of  nitrocellulose  are 


349  also  of  aajor  praotical  laqMrtance:  solubility  and  swelling  in  rarlous  solvents; 

degree  of  polyaerlsatlon  (t^  viscosity  of  the  solutions);  thenssl  stability. 

The  following  froups  of  nitrocellulose  solvents  exist: 

1)  solvents  as  such,  vdiich  are  cap)able  of  dissolving  nitrocellulose,  i.e.,  of 

going 

causing,  first,  swelling,  and  then  a«ln|r  into  solution; 

2)  mixed  solvents  -  mixtures  of  substances,  each  of  vrtilch  individually  is 
incapable  of  inducing  solution  of  the  nitrocellulose,  but  which,  as  a  mixture,  are 
of  good  solvents; 

3)  plasticizers.  A  group  of  nonvolatile  (high-boiling)  solvents  of 
nitrocellulose,  introduced  into  products  made  therefrom  to  improve  their  meC  anical 
properties. 

The  solubility  of  nitrocellulose  in  various  solvents  depends,  as  already 
indicated,  upon  many  factors,  primarily  upon  the  nitrogen  content  of  the  nitrocellulose, 
and  upon  the  cohditions  M  under  which  it  was  obtained. 

The  selection  of  solvents  is  goveryied  by  the  type  of  product.  In  the  manufacture 
of  jjjgmm  powder,  it  suffices  to  convert  the  nitrocellulose  to  a  swollen  condition. 
However,  in  the  production  of  lacquers,  the  nitrocellulose  has  to  be  dissolved  in  its 
entirety,  in  which  case  the  solvents  selected  also  have  to  dissolve  the  other 
components  of  the  lacquers.  ^ 

The  viscosity  of  nitrocellulose  solutions  is  also  of  major  practical  significance. 
Inasmuch  u  it  Wfects  the  mechanical  propartles  of  the  products.  Usually,  the 
strength  of  the  products  rises  with  an  Increase  in  the  degree  of  nitrocellulose 
polymerization.  The  viscosity  of  nitrocellulose  solutions  depends,  in  the  first  place. 
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349  upon  the  degree  of  polymerization  of  the  ihitial  celluloee,  arid  aleo  upon  the 

conditions  of  esterification,  stabilization,  and  the  presence,  in  the  solutions,  of 
mineral  salts  readily  absorbed  by  nitrocellulose. 

,  Nitrocellulose  is  capable  of  adsorbing  organic  solvents  and  acids.  Ihls 

substantially  complicates  the  Job  of  separating  it  from  acids  in  production. 

Concentrated  solutions  of  mineral  acids  destroy  nitrocellulose.  Nitric  acid 
results  in  destruction  of  the  nitrocellulose  molecule,  vd.th  fonnation  of  substances 
soluble  in  water  and  acids.  Sulfuric  acid  behaves  in  the  same  manner.  Bases  readily 
aqUHtmig  saponify  nltrosellulose.  On  the  other  hand,  nitrocellulose  is  relatively 
stable  to  the  effect  of  oxidizers.  Reducing  agents  frequently  restore  it  to  cellulose, 
the  process  being  accoa^nied  by  oxidation  and  reduction  of  the  reaction  product. 

Light  causes  slow  decomposition  of  nitrocellulose.  It  is  also  susceptible  to 
spontaneous  deccnqjosltion,  which  is  regarded  as  intramolecular  oxidation.  This 
•  process  may  be  IX  accelerated  by  various  factors,  in  the  first  instance,  the  effect 
of  heat.  An  Increase  in  tes^jerature  of  5°  doubles  the  rate  of  decoaq^osition. 
DeooitposJ.tion  of  nitrocelliilose  is  cafealyzed  by  nitrogen  oxides. 

In  the  dry  state,  nitrocelluloss  readily  catches  fire,  whereas  when  ignited  it 
will  burn  and  deflagrate.  Friction  readily  electrifies  it,  and  the  potential 
difference  arising  under  these  conditions  reaches  several  kilovolts. 

It  has  been  noted  that,  in  the  dark,  nitrocellulose  may  be  weakly  phosphorescent. 

Bellulose*  nitrates  have  the  most  various  applications  in  the  manufacttire  of 
various  types  of  powders,  lacquers,  motlon-picture  film,  celluloid,  etc.  Depending 
upon  the  object  sought,  the  nitrocellulose  is  changed,  and  the  specifications  it  must 
satisfy  are  modified. 
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In  SOM  CMSS,  for  exaapls,  in  the  asnufaeture  of  poifderf,the  nitrogen  content 


is  of  particular  significance,  as  it  Is  an  indirect  indicator  of  the  heat  of 
eosibustlon  of  powder.  The  other  indices  of  the  quality  of  nitrocellulose  must  be 
completely  determinable  tmder  these  conditions  Inassmch  as,  for  example,  Its  solubility 
in  organic  solvents  governs  the  consuaption  of  volatile  solvents  in  the  manufacture 
of  powders,  vrtiereas  its  viscosity  governs  the  mechanical  strength  of  the  finished 
yaaiiHfj  powder,  etc.  In  other  cases,  for  exanple,  in  the  production  of  lacquers,  it 
is  desirable  to  have  products  with  the  smallest  possible  nitrogen  content,  readily 
soluble,  and  of  the  lowest  possible  XX  viscosity. 

In  practice,  the  following,  most  iaportant  nitrocelluloses  have  come  to  be 
defined : 

1)  collodion  No. 2,  containing  11,5  -  12^  nitrogen.  Enployed  in  the  manufacture 
of  lacquers,  celluloid,  film,  nitroglycerin  powders,  etc.; 

2)  No. 2  pyroxylin,  containing  12,05  -  12, 4^  nitrogen.  Enployed  in  a  mixture 
with  No,l  pyroxylin  to  make  pyroxylin  powders; 

3)  pyroocllodion,  containing  12. 6^  nitrogen  (first  obtained  by  D, I, Mendeleyev), 
Enployod  to  manufacture  pyroxylin  powders; 

4)  Ko.l  pyroxylin,  containing  13  -  13,5/K  hitrogen.  Enployed  in  a  mixture  with 
No. 2  pyroxylin  to  manufacture  pyroxylin  powders. 

In  practice,  a  large  quantity  of  cellulose  nitrates  of  various  properties  are 
made  use  of. 

The  term  pyroxylin  poMders  is  applied  to  powders  made  with  volatile  solvents 
(a  mixture  of  alcohol  and  ether).  Nitrocellulose  designed  to  be  used  in  pyroxylin 
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350  pcMders  la  fread  of  th«  Mter  BIM  Mhloh  it  contains  vihen  produead.  This  usad  to  ba 
axeaadlnfly 

dona  by  an  dsagaroua  operation  -  the  drying  of  nltrocallulosa  In  drlars. 

At  tha  suggastlon  of  D.I.Mendaleyav,  drying  was  raplaced  by  alcohol  dehydration,  and 

this  was  later  adopted  in  all  countrloa. 

alcohol. 

Nitrocellulose,  dehydrated  by  XXXXXXIP  is  treated  in  gMCMflM  mixers  with  a 

plasticization 

mixture  of  alcohol  and  ether,  resulting  in  the  jiimxnttlHRCllB  thereof.  The  other 
caiq>onents  of  the  powder,  such  as  stabilizers,  etc.,  are  Introduced  at  this  point. 
Hydraulic  presses  are  eng>loyed  to  press  powder  from  the  powder  mass  obtained.  In 
order  to  remove/volatile  solvent,  the  powder  is  dried  in  the  open  air,  wetted  in 
water,  and  then  dried  with  moderate  heating. 

In  the  manufacture  of  nitroglycerin  powders  of  the  ballistite  type,  nitrocellulose 
is  heated  with  a  large  quantity  of  water,  to  which  the  nitroglycerin  and  other 
components  of  the  powder  are  then  added.  At  the  end  of  the  "cooking",  the 
nitrocelliilose  and  the  products  absorbed  therein  are  filtered  free  of  water,  and 
the  resultant  powder  mass  goes  to  hot  rolls  where  it  is  separated  from  excess  water^ 
plasticized,  and  converted  into  a  soft  and  elastic  web.  The  web,  rolled  on  reels, 
goes  to  hydraulic  presses,  the  rolls  of  which  are  heated  to  60  -  85*^,  and  the 
nitroglycerin  potaler  is  pressed  out.  Ihanks  to  the  use  of  a  nonvolatile  solivent  - 
nitroglycerin  -  the  technological  process  Is  substantially  condensed  and  simplified. 

In  the  production  of  nitroglycerin  pcmrders  of  the  cordite  type,  the  nitrocellulose 
is  treated  in  mixers  by  a  solution  of  nitroglycerin  In  a  volatile  solvent.  The  mass 
resulting  is  pressed  Into  powder,  which  is  first  spread  out  to  dry  at  room  temperature, 
and  then  drlM  at  elevated  tempermture.  Thus,  the  volatile  solvent  is  removed  frosi 

e  a 

the  powder,  whereas  the  nonvolatile  -  the  nitroglycerin  -  remains  in  the  powder 
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3^0  as  a  eoipomnt. 

In  th«  manufacture  of  celluloid,  the  nitrocellulose  (collodion)  In  the  mixers  Is 
treated  with  an  alcohol  solution  of  casqjhor.  The  resultant  mass  Is  plasticized  by 
351  treatment  on  rolls  and  in  special  block  presses. 

In  manufacturing  lacquers,  the  nitrocellulose  Is  dissolved  In  a  mixture  of 
solvents,  to  vdilch  other  substances  -  plasticizers,  stabilizers,  pigments,  etc., 
are  also  added. 

Section  2.  Technology  of  Nitrocellulose  Production 

Nitrocellulose  may  bd  produced  by  reaction  of  nitric  acids  of  greater  than  11% 

nitric  acid 

strength  upon  cellulose.  This  results  in  a  gMliKKIKe/ester.  A  weaker  nitric  acid 
results  in  the  formation  of  an  addition  compound  which  is  readily  decomposed  into  the 
starting  substances  even  by  the  effects  of  cold  water.  The  nitrogen  content  of  the 
nitrocellulose  rises  as  the  nitric  acid  concentration  increases. 

.  The  treatment  of  cellulose  by  mixtures  of  sulfuric  and  nitric  acids  constitute 
the  usual  method  of  producing  nitrocellulose.  By  changing  the  composition  of  the 
,  mixed  acid  and,  primarily,  the  water  content  thereof,  one  may  produce  various  types 
of  cellulose.  Inorder  to  obtain  various  types  of  nltrocellulsses,  various  ccsqacsltlons 
of  acid  mixtures  may  be  e^iloyed,  depending  upon  the  form  of  cellulose,  apparatus,  the 
•module  of  the  bath,  etc.  (Table  106)  (5ibl,6). 


Table  106 


Coa|>osltion  of 
Nixed  Acids, 

Nitrogen  Content 
Nitrocellulose, 

of 

% 

% 

8—12 

12-12.75 

13—13.5 

HNO3 

25-35 

1 

53-25 

25-26 

HjS04 

47-55 

59-62 

63-69 

HjO 

17—20 

15-16 

9-11 

670 
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As  4  eonssquenes  of  the  need  for  good  wettability  of  the  loose  Mass  of  cellulose, 


as  well  as  for  reversibility  of  the  esterification  process,  it  is  necessary  to  esqploy 
considerable  excesses  of  the  mixed  acid.  Usually,  30  to  50  times  as  much  asld  as 
.  cellulose  is  used,  in  weighty!  and  in  some  cases  even  80  -  100-fold  excess  is 
enqployed . 

The  nitrating  agent  jji  the  mixed  acids  is  nitric  acid.  Investigation  (Bibl,52) 
of  the  mechanism  of  cellulose  esterification  by  a  mixed  acid  has  shown  that  : 
reaction  is  conditioned  by  Interaction  between  the  hydroxyl  ions  of  cellulose  and 
the  NO2*  ions.  This  XliXXX  is  confirmed  by  the  fact  that  when  mixed  acid  enriched 
by  0^®  is  employed  in  esterification,  the  resultant  nitrocellulose  contains  a 
nitrate  group,  in  which  two  oxygens  constitute  .0^®,  From  this,  the  conclusion  has 
also  been  drawn  that  the  oxygen  of  the  hydroxyl  group  in  cellulose  does  not  separate 
out  upon  esterification  and,  ccmsequently,  it  is  unchanged. 

Theoretically,  63.6  gm  nitric  acid  is  consumed  in  producing  100  gm  cellulose 
trinitrate,  Hwever,  the  practical  consumption  thereof  is  considerably  higher,  IX 
inasBiuch  as,  upon  separation  from  the  acids,  at  the  end  of  esterification,  a 
considerable  amount  of  mixed  acid  remains  in  the  cellulose,  which  is  lost  when 
washing  with  water  is  perfonied. 

a 

In  the  esterification  of  cellulose,  side  processes  -  hydrolysis  and  oxidation  - 
occur.  In  addition  to  the  basic  process  of  formation  of  the  cellulose  ester. 

Increase  in  teiqwrature  upon  esterification  accelerates  the  process,  without 
changing  the  quantity  of  nitrate  groups  introduced.  The  aide  processes  are 
352  intensified  with  rise  in  tnqwrature,  etnd  allMw'iie  therefore  rise  in  taaperature 

always  results  in  a  reduction  in  the  nitrocellulose  yield. 
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352  The  Bodule  haa  a  significant  effect  upon  the  speed  of  the  esterification 

process,  and  the  result  thereof.  The  effect  of  the  module  Is  diminished  scmwwhat 
when  the  most  active  mixed  acids,  containing  maxi mal  HNO3  and  ndnlmal  M2^.are  enqployed 
Nitrogen  oxides  are,  as  a  rule,  a  harmful  Impurltjr,  particularly  In  mlxtores 
containing  much  water.  In  anhydrous  mixtures  or  mixtures  containing  a  little  water, 
the  oxides  are  combined  in  nitVosyl  sulfuric  acid,  and  therefore  do  not  (hffect  the 
esterification  process. 

The  quality  and  form  of  the  cellulose  exercise  a  considerable  effect  upon  the 

quality  of  the  nitro  product.  The  cellulose  should  be  such  that,  when  it  is  charged 

into  the  acid  mixture,  it  wets  readily  and  rapidly,  and  absorbs  a  considerable 

CiptJi) 

quantity  thereof.  This  requirement  is  met/Ey  the  chemical  cooposltion  of  the 

mixed  acid,  and  by  the  shape  in  which  the  cellulose  is  employed.  The  purity  of  the 

material  is  of  decisive  significance,  as  is  the  structure  of  the  fiber. 

Cotton  cellulose  is  distinguished  by  high  purity  and  the  good  wettability  of 

the  mixed  acid.  Wood  cellulose  contains  many  iiqjurities  (resin,  lignin,  etc.)  and 

reqtiires  special  cleaning:  bleaching  and  purification.  In  the  etherification  of 

reduced 

wood  cellulose,  more  active  mixtures  are  employed  (with  elevated  HNO3  and  IHOOIX 
H2O  content).  .  ’ 

After  esterification,  nitrocellulose,  washed  with  water  to  neutral  reaction, 
remains  quite  unstable.  When  stored  for  long  periods,  or  dried,  it  decomposes,  with 
production  of  nitrogen  oxides.  The  spontaneous  decomposition  of  nitrocellulose 
accelerates  with  time,  and,  where  large  masses  of  the  product  are  involved,  stay 
result  in  spontaneous  combustion  and  explosion. 


u672 


A  coaplex  of  operations,  tensed  stabilisation,  fljse  eay>loyed  to  liqirore  the 
stability  of  nitrocellulose.  For  purposes  of  stabilization,  nltrocelluloses  are 
boiled  in  weak  acid  and  weak  alkaline  waters,  and  the*flber  is  ground,  follcwod  by 
neutralization  of  the  "encapsulated"  acids  that  are  thus  liberated. 

The  technological  process  of  nitrocellulose  production  is  composed  of  preparation 
of  the  XMX]C^  Initial  raw  material,  esterification  of  the  cellulose,  stabilisation  of 
the  nitrocellulose,  and  dehydration  of  the  nitrocellulose.  In  scane  cases,  the 

process  of  reduction  of  viscosity  is  added  in  the  production  of  collodion. 

1.  Preparation  of  the  Raw  Material 

The  mixed  acids  and  the  cellulose  constitute  the  raw  material.  The  mixed  acids, 
of  specific  composition,  are  prepared  in  a  special  shop,  where  the  pure  and  the  spent 
acid  are  stored. 

The  cellulose  reaches  the  factory  in  the  form  of  cotton  fiber  pressed  into  bales, 
or  in  the  form  of  rolls  of  paper.  The  bales  of  cotton  are  loosened  by  XHX  a 
willowing  machine,  and  the  rolls  of  paper  are  broken  down  into  pieces  of  specific 
size  by  special  machinery.  Ihe  fine  material  is  dried  (usually  in  pneumatic  driers) 
to  1  -  2^  moisture  cohtent,  and  cooled. 

2.  Esterification  of  Cellulose 

The  Thomson  method.  Esterification  is  performed  in  flat  ceramic  cups,  1  m  in 
diameter  and  0.25-ffl  hi^.  At  the  bottom  of  the  bcwl  is  a  pipe  to  drain  the  spent 
acid.  At  a  te^Mrature  of  28  -  30^*,  300  -  400  kg  mixed  acid  is  run  into  the  bowl 
and  9  cellulose  is  charged  in,  and  mixed  with  the  acid.  Then,  perforated  segments 
are  placed  over  the  top,  and  water  is  carefully  poured  into  this  to  a  thickness  of 

m 
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1.5  -  2  CB  to  prevant  avapor&tion  of  tha  acid.  At  the  terolnatlon  of  the  process 
(1  -  2.5  hrs),  tha  cock  for  draining  tha  nitric  acid  is  opened  and  cold  water  is 
carafulljr  run-*in  from  above.  Seeping  through  the  fibers,  this  water  displaces  the 
spent  acid.  About  80St  of  the  spent  acid  is  obtainable  in  undiluted  fonn,  the  rest 
being  diluted  by  water  and  subjected  to  concentration. 

An  inconvenience  of  the  method  is  the  partial  denitration  of  the  nitrosellulose 
as  the  spent  acid  is  displaced  by  water. 

Esterification  in  centrifuges.  Centrifuges  with 
bbttom  drive,  sometimes  having  jackets  for  external 
heating  by  warm  mater  (Fig. 110)  are  employed.  The 
centrifuge  is  filled  with  mixed  acids,  started  at 


low  speed  (  25  rpm),  and  the  cellulose  is  charged 
into  it  as  rapidly  as  possible.  Upon  esterification, 

Fig. 110  -  Centrifuge 

the  mixed  acid  is  thrown  toward  the  wall  of  the 

centrifuge,  under  the  action  of  the  centrifugal  force,  and  ZX  from  the  wall  it  flows 

downward  and  again  enters  the  spent  cellulose  through  holes  in  the  walls  of  the 

basket  (through  the  centrifuge  cone).  This  circulation  of  the  acid  iB5)rove8  the 

condition  of  esterification.  At  the  end  of  the  process,  the  centrifuge  is  switched  to 

fast  operation  (750  -  1000  rpm),  and  the  spent  acid  is  separated  from  the 

nitrocellulose.  After  the  separation,  the  nitrocellulose  is  unloaded  manually  into 

a  large  volume  of  water,  and  sent  to  stabilization. 

When  this  method  of  work  is  used,  eases  of  spontaneous  eosibustion  XBI  of  the 

wetting 

material  are  not  uncoiaaon,  because  of  the  poor  HWIHI  of  the  cellulose  by  the 
mixed  acids.  Moreover,  considerable  quantities  of  acid  are  lost  as  a  consequence 


of  evapoTAtlon, 


EAtarlfioatlon  in  nltrators.  The  process  is  run  In  special  nltrators  with  good 

e 

nechanloal  agitation.  The  nitrator  (Pig. Ill)  is  of  oval  cross  section,  has  a  conical 
bottom,  and  is  equipped  with  a  valve  for  draining  its  entire  contents  into  an  • 

acid-removing  centrifuge,  at  the  end  of  the  process.  The  nitrator  is  closed  with  a 

cover  and  has  a  special  flue,  as  well-as  two  agitators 
rotating  in  opposite  directions.  The  acid  is  sent 
into  the  nitrator  from  above  through  a  spraying  device, 
which  improves  the  wetting  of  the  cellulose. 

followed 

The  mixed  acid  is  charged  into  the  nitrator, /by 
the  cellulose.  The  process  lasts  30  -  45  min.  At  the 
end  of  this  period,  the  valve  at  the  bottom  of  the 
nitrator  is  opened,  the  contents  are  discharged 
into  the  acid-removing  centrifuge,  and  the  separation  of  the  spent  acid  is  completed 
within  5-10  min.  The  centrifuge  discharges  at  the  bottom,  and  the  opening  is  closed 
by  a  rising  cone.  After  the  separation,  the  nitrocellulose  is  forced  through  the 
opening  in  the  bottom  of  the  centrifuge  by  iron  prongs  into  a  'Vashing '  device  ^ 
belcer,  and  JUBUOUDi  consisting  of  a  large  funnel  with  angular  nossles  for  the  delivery 
of  water.  From  here,  the  nitrocellulose  goes  to  a  bulk  transporter,  in  which  water 
XX  transports  it  to  XXX  an  intermediate  basin  with  an  agitator  (turbidizer). 

The  conditions  for  producing  nitrocellulose  from  cotton  are  presented  in  Table  107. 


Fig^lll  -  Nitrator 


Table  107 


a) 

HjO 

h) 

HNOj 

H2SO^ 

c) 

d) 

lyroxylin  No.l  (for  powder) 

9,5 

22,5 

68,0 

30 

20 

Pyroxylin  No. 2  (for  powder) 

I'*.* 

22,5 

63,0 

30 

30—10 

Collodion 

20,5 

22,5 

57.0 

00 

40 

Collodion  for  nitrocellulose  silk 

18,3 

19,7 

62,0 

60 

40— ,')0 

Collodion  for  motion* picture  film 

17,0 

20,0 

63,0 

60 

40— no 

Collodion  for  celluloid 

20,0 

20,0 

60,0 

60 

40 

a)  Type  of  Collodion;  b)  .Composition  of  mixed  acid,  %  (module  40  -  50); 
c)  Esterification  time,  in  min;  d)  Temperature  of  mi'cture,  °C 

3*  Stabilization  of  Nitrocellulose 

The  process  of  stabilization  resolves  itself  to  washing  the  nitrocellulose, 
reducing  its  size  in  soda  solution,  and  the  final  washing. 

Washing  is  performed  by  hot  water  in  special  vats  (of  wood  or  stainless  steel), 
having  a  false  bottom,  below  vdilch  IlMfXHCK  live  steam  is  introduced  to  heat  the  vat 


contents.  The  liquid  from  the  vat  is  drained  at  a  point  beneath  the  false  bottom. 
Pipes  are  Installed  in  the  vat  to  circulate  the  liquid  during  cooking. 

The  nitrocellulose  charged  into  the  vat  is  first 
washed  with  cold  water,  then  with  hot  water  having 
0.3  ■*  0.5^  sulfuric  acid  added  thereto.  The 
nitrocellulose  is  first  cooked  with  acid  solvttlon  and 
then  with  soda  solution  (O.ljt  NA2CO2),  then  washed 
with  water  and  sent  for  crushing  to  beating  nachlnes 


Fig. 112  -  Beating  Machine 
(Hollander) 


or  other  apparatus  such  as  cone  mills 
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tub, 

A  beating  aachine  (Fig.112)  has  a  baMi,  oval  In  shape,  made  of  iron  or  concrete, 

e 

lined  vlth  dutch  tiles.  A  longitudinal  partition  divides  the 

Into  two  halves.  At  one  end  of  the  machine  is  the  breaker  mechanism,  consisting  of 
a  system  of  knives:  some  of  them  are  snmted  to  the  bottom  of  the  and  some  to 

the  surface  of  the  rotating  drum.  The  fibers,  passing  between  the  knives,  are  cut 
and  crushed. 

Water,  a  little  soda,  and  then  the  nitrocellulose,  are  charged  into  the  beating 

machine.  After  it  has  been  crushed,  the  material  in  the is  transferred, 

to  ccmplete  stabilizatlbn,  in  XXKIXX  lavers,  vdiere  hot  washing  (at  90  -  95°)  ia 

enqaloyed  to  resiove  the  residue  of  soda  and  unstable  impurities  that  have  come  out 

diuring  the  IX  grinding, 
lavers 

The  XMniMK  are  cylindrical  vessels  of  up  to  30  m^  capacity,  with  agitators. 
Treatment  of  the  nitrocellulose  with  hot  water  (two  hot  washings  of  2  -  3  hrs 
duration  each)  is  performed  at  a  module  of  8  -  IQ.  After  the  washings,  the  water  is 
resioved  by  syphon.  From  the  lavers,  the  nitrocellulose  goes  to  mixers  in  which  they 
are  sdxed  with  a  larger  lot. 

The  mixers  are  large  containers  (100  to  .300  m^)  or  basins  having  powerful 
agitators.  A  10^  nitrocellulose  in  water  suspension  is  delivered  to  the  mixers  from 
355  the  lavers.  Here,  the  contents  are  stirred  for  a  long  period  to  achieve  hamcgenelty 

of  the  nitrocellulose  in  the  large  lots.-  The  suspensim  is  ptirified  of  particles  of 
iron  by  means  of  electromagnets,  and  from  sand  by  sand  traps. 

The  nitrocellulose  then  goes  to  an  agitator,  and  from  there  to  centrifuges  for 
separation  of  the  water.  Nitrocellulose,  with  a  moisture  content  of  about  30!C,  is 
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stored  in  wooden  hoppers.  Removal  of  the  water  frost  tl)«  nitrocellulose  b/  drjrlng  in 

e 

special  driers  Is  not  performed,  because  of  the  extreme  danger  mnut  thereof.* 


Fig. 113  -  Diagreun  of  Nitrocellulose  Nanufacture 
1  -  Willowing  machine;  2  -  Funnel;  3  -  Pneumatic  drier;  4  -  Bunker;  5-  Nitrator; 

6  -  Acid-removing  centrifuge;  7  -  Washing  apparatus;  8  -  Tttrbidizer;  9  -  Hot 
washing  vat;  10  -  Filter;  11  -  Beating  machine;  12  -  I-aver;  13  -  Mixer  of  large 
batches;  14  -  Tro\igh;  15  -  Electricg^f  magnet;  16  -  Sand  trap;  17  -  Agitator; 

18  -  Water-removing  centrifuge;  19  -  Car;  20  -  Spent-acid  collector;  21  -  Acid 

filter 

a)  Cotton;  b)  To  dust  chamber;  c)  Mixed  acid;  d)  Water;  e)  Soda 

Figure  113  illustrates  the  manufacture  of  nitrocellulose. 

In  manufacturing  collodions,  the  production  of  nitrocellulose  of  low  viscosity 
is  necessary.  To  acccaiplish  this,  it  is  boiled  in  water  at  a  pressure  of  up  to 
6  atm.  Reduction  of  viscosity  is  controlled  by  the  time  and  temperature  of  cooking. 
The  process  is  carried  out  in  autoclaves,  usually  constituting  a  pipe  (d  10  cm, 

I  •  1200  m)  heated  by  steam  entering  the  Jacket.  The  rate  at  which  the  MKfMtitTTliTim 
nitroglycerin  suspension  passes  through  the  autoclave,  IX  the  pressure,  and  the 
temperature  are  regulated  within  the  necessary  limits. 

Collodion  to  be  used  to  make  motion  picture  film  is  dehydrated  by  ethyl  alcohol, 
■vrtiich  is  run  on  to  the  centrifuge  in  throe  portions  after  removing  the  water. 
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C.  3t*roh  Mltratea  fBibl.66.  53.  54) 


Nltro 'starehas  are  employed  In  the  USA  and  In  a  number  of  other  countries  for 
the  production  of  pcMder  (Bibl.55)>  and  are  also  used  as  explosives.  Nitr<r8tarch 
was  first  produced  by  Bracannot  in  1833.  . 

Nitroatarch  contains  13.0  to  13. 55^  nitrogen.  It  is  more  hygroscopic  than 
nitrocellulose,  is  virtually  Insoluble  in  water,  and  is  readily  soluble  in  acetone. 
Chemically,  It  is  similar  to  nitrocellulose,  it  is  capable  of  undergoing  hydrolysis, 
and  of  undergoing  saponification,  etc. 

Nitroatarch,  dispersed  into  an  ether-alcohol  mixture,  will  frequently  dissolve. 
When  the  solvent  is  removed,  the  result  is  a  colloidal  film  or  mass  similar  to 
nitrocel' close. 

In  its  explosive  properties  nitrostareh  is  also  sijailar  to  nitrocellulose. 
Nitrostaroh  containing  13. 52^  nitrogen,  reveals  a  detonation  velocity  (at  A  0.9) 

35'^  of  4970  m/sec,  while  its  fugacity  exceeds  that  of  picric  acid  by  17^.  It  ignites 

readily  and  biu’ns  at  a  rate  of  1  m  in  22  -  27  sec.  The  flame  is  not  smoky.  It  is 
highly  sensitive  to  mechanical  effects  (Bibl.53,  56). 

Nitrosta-ch  is  produced  by  esterification  of  starch  (potato  or  wheat)  by  a  nitro 
mixture  of  the  following  composition:  505?  HNO3 'and  50^  H2S0/^  at  IJ®.  liie  resultant 
nitric  ester  is  separated  from  the  spent  acid  on  filters  and  is  subjected  to  washing 
and  stabilization.  .  The  nitric  ester  is  washed  with  a  large  qtuintity  of  cold  water. 
Stabilization  consists  of  a  preliminary  stabilization  by  cooking  the  product  with 
water  at  a  temperature. of  about  60  -  90®  for  several  hours,  followed  by  final 
stabilization.  This  last  is  performed  by  cooking  the  product  in  ethyl  alcohol  with 
addition,  of  magnesium  oxide  to. the  mass  to  neutridize  the  residual  acid. 
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APPENDIX  1 


Colors  of  Nltro  Compounds  In  Alkaline  Solutions 


•  Solution  In  Acetone 

Solution  in  Alcohol 

Nltro  Compound 

with  1  part  10^ 
KOH  solution 

with  ni3  or 
10i« 

with  105<  KOH 
solution 

with  MH3 
or  10{t 
NH4OH 

Nitrobenzene 

s 

Violet  (In  the 
presence  of 
traces  of 
dlnltrobonzene ) 

Pink 

Pink 

■ 

1 , 2-Dlnltr ©benzene 

Crimson 

- 

- 

- 

1, 3-Dlnltrobonzene 

Vlolet-ked 

Pale  red 

Brown 

- 

1 , 4-Dl nitrobenzene 

Colorless 

- 

- 

- 

l-Chloro-2,4-dlnitrobenzone 

Red,  crimson; 
wine  red  when 
CH3COOH  Is 
present 

l-Chloro-3 I 5-dlnitrobenzene 

Bluish  changing 
to  fuchsia  red 

* 

•• 

1, 3»  5-Trlnitrobenzene 

Meta-  and  para-nitrotoluenes 

Blood  red 

Co 

lor less 

2 , 4-Dinl trot  oluene 

Vivid  dark  blue 

No  colors-  ■ 
tion 

Lt.pale  blue 

2, 6-Dinitrotoluene 

Vivid  red  with 
bluish  tinge 

Same 

Bright  red 

■■ 

a-Trihitrotoluene 

Dark  red 

Dark  red 

Dark  brown 

Bright  red 

0-Trlnltrotoluene 

Green 

changing  to 
red 

T -Trinitrotoluene 

• 

Dark  blue 
turning  to 
rod 

■ 

Tadhnical  trlnltroxylene 

Black,  then 
dark  violet 

Dark  brown 

Dark  brown 

- 

2,4,6-Trlnltroxylene 

Oavk  green 

- 

- 

- 

2,3, 5-Trinltr oxylene 

Red  brown 

- 

- 

- 

2,4, 6- Trlnltr ©ethylbenzene 

Red 

- 

- 

-  • 

a -Dlnltronaphthalene 

Bluish  red 

- 

- 

- 

Trinltronaphthalone 

Reddish  brown 

Reddish 

brown 

Yellowish 

red 

Yellowish 

r«l 

Ortho-nltrophenol 

Yellowish 

- 

- 

- 

Meta-nltrophenol 

Reddish  yellow 

e 

- 

- 

Para-nltrophenol 

Bright  yellow 

- 

- 

- 

2, 4-Dlnltr  o^^enol 

Yellowish 

- 

- 

- 

Trinltrophenol 

Orange 
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APPENDIX  2 


Specification*  to  be  Met  by  Technical  Sulfuric  Aaid 


Acid 

Canaorcial  Sulfuric  Acic 

Oleum 

Indicator 

Chamber 

Process 

L _ _ _ : 

Tower 

Process 

Tower 

Process 

Contact 

Process 

UnrecoYered 

Acid 

Recovered 

Acid 

For 

Nitration 

For  Other 
Purposes 

Mon^ydr^te  content,  not  less 

65,0 

1 

(H),5 

t)2,ri 

— 

I'l.o 

'  75,0 

— 

— 

Free  sulfiiric  anhydride  content. 

— 

1  — 

_ 

_ 

20.0 

18,5 

not  less  than,  % 

Calcihed  residue  content,  not 
more  than,  % 

- 

- 

;  - 

o.-j 

0,3 

0,2 

0,15 

Iron  content,,  not  more  than,  % 

o.w 

Nitro  coBtpounds  content,  not 
more  than,  % 

- 

- 

0,1! 

0,4 

- 

- 

N2O3  content,  not  more  than,  % 

0.01 

0,03 

.  U.07 

0.01 

0.05  ■ 

Note  1,  In  oleum  for  nitrating  mixturea  produced  by  introducing  commercial 

contents 

sulfuric  acid  into  contact  systems,  the  following  sysvetfitxaBbixxiB  are 


permissible: 

sulfuric  anhydridp,  %,  not  less  than . .  18.5 

nitric  acids  computed  as  N2O3,  not  more  than  . .  0,05 

Arsenic,  not  more  than . . .  0.03 

calcined  residue,  %,  not  more  than . 0.25 

iron,  not  more  than  . .  O.OV 


2.  In  coomercial  sulfuric  acid  produced  by  concentration  of  spent  acid  in 
a  three-chamber  concentrator,  the  following  contents  are  permissible: 


Bonohydrate,  %,  not  less  than  . . 915 

nitrogen  oxides,  cos^puted  as  N2O3,  %,  not  more  than  ....  0.01 

calcined  residue,  %,  not  more  than .  0.20 

nitro  products,  not  more  than  .  .  • . .  0.20 
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Speolfleatlona  to  be  Met  by  Technical  Nitric  Acid 


Weak  ((^tric  Acid 

Strong  Nitric  Acid 

(^ade  I  Oade  II 

Grade  I  Grade  II 

Specifications 

^03,  %,  not  loss  than 

Nitrogen  oxides  (N20^},  %, 
not  more  than 

Sulfuric  acid,  %,  not  more  ' 
than 

Solid  residue,  %,  not  more 
than 

Water,  not  more  than 


Acid  Melange 
Oade  I  (k'ade  II 


■J9  1 

fio 

I  Os 

% 

1  89,0  j 

87,0 

_ 

— 

!  0,3  , 

0,4 

:  0,4  : 

0,0 

Not  more 

j  Not  less ' 

than 

0.2 

than 

7,5 

1  0,1 

7,5  1 

0,li7 

u,uri 

.  ’  o.or) 

0,07 

0,12 

0,15 

1  ^ 

_ 

1  3,0  ; 

1,5 

APPENDIX  4 


Freezing  Point  of  Alloys  of  2,4-Dinitrotoluene  and  Para-Mononitrotoluene 


Freezing  point, 

OC 

U.m'gS, 4.'’.  55,-11' 

1  1  '  ■ 

[  i  1 

47,3  1 37,8  83,45|28,65j 

i 

31,1 

1 

1  1 

1 

36,95  42,5147,35  51,25 

1  :  ■ 

2 , 4-Dinitrotoluene 

1  IdO  ’  (K) 

80 

1 

70  60  55  j 

1 

1 

50  1 

1 

1 

40 

30  j 

1 

20  10 

i 

0 

Para-mononitrotoluene, 

1  1 

■  "  i  "’ ! 

2(t 

1  1 

30  '  40  1  45 

50 

60 

70 

1  80  j  90 

100 

APPENDIX  5 

Solubility  of  Trinitrotoluene  Isomers  in  100  jn  Alcohol, 


Temperature, 

•K 


Trinitrotoluene  Isomers 


1  (2.  I.OI- 

j  7  (2. 4, 5). 

P  (2.3,  4) 

25 

1.5 

1,4 

1.9 

30 

1,8 

1.7 

2.4 

35 

2,3 

2.1 

2,9 

40 

2.9 

2.7 

3.5 

45 

3.7 

3,4 

4,5 

50 

1.0 

4.2 

5.4 

55 

0,1 

5.9 

6.9 

60 

8,3 

,7.3 

i  8,5 

65 

II. 4 

’8,5 

j  II.O 

70 

15,5 

12.7 

14..7 
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APPENDIX  6 


Solubility  of  Trinitrotoluene  Isomers,  gm,  in  100  gm  of 


Benzene  and  AlAohdl  Mixture,  at  25° 


APPENDIX  7 

Solubility  of  Iscaners  of  Trinitrotoluene,  gm,  in  100  gm 
Toluene,  at  35° 


Trinitrotoluene  isomers  i  -.4.0- 
Solubilioy  "■ 


2, 4,  5-  2,  3,  4- 

23,2  13,7 
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Appendix  8 


Freezing  Points  of  Alloys  of  2,4,6-Trinitrotoluene  and 


2,4-Dinitrotoluene 


Content  of  2,4,6- 
trinitrotoluene 
alloyed  with  2,4- 
dinitrotoluene. 

Freezing  Point, 

°C 

Trinitrotoluene 
Content  in  Alloy 
with  2,4- 
dinitrotoluene, 

* 

Freezing  Point, 

°C 

1(H) 

80,35 

55 

w 

71,40 

4U 

50,35 

_ 

30 

'l  .55,05 

70 

01,50 

-’() 

61,00 

00 

r.4,30  ] 

10 

65,70 

- 

— 

•  0 

1 
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APPENDIX  9 


Freesl^g  Poln^  of  Allots  of  Technical  trinitrotoluene  and 


Dlnitrotoluene 


Trinitrotoluene 
Content  In  Alloy 
with  Dlnltro- 
toluene, 

% 

Freezing 

Point, 

oc 

Trinitrotoluene 
Content  In  Alloy 
with  Dlnltro- 
toluene, 

% 

Freezing 
„ Point, 

oc 

— 

— 

0 

56 

11, u 

36 

2.7 

55 

44.4 

37 

5,9 

54 

9.0 

53 

47,1 

3‘t 

10.9 

52 

48,2 

-in 

12,9 

51 

49,4 

-11 

14.9 

16.9 

60 

49 

50,5 

51 ,0 

-IJ 

-13 

19.0 

48 

52,7 

-1-1 

21.1 

47 

53,7 

-t5 

22.8 

46 

54,8 

46 

24,4 

25,9 

45 

44 

55,9 

57, 1 

47 

46 

27.3 

43 

58,3 

49 

28,6 

42 

59,4 

50 

29,8 

41 

50,5 

51 

31,2 

40 

61,7 

5S 

32,5 

39 

62,8 

53 

33,9 

38 

63.9 

54 

35,0 

37 

65,0 

55 

36.3 

!  36 

66,2 

50 

37.5 

35 

67,3 

57 

Trinitrotoluene 
Content  in  Alloy 
with  Dinitro- 
toluene, 

% 

Freezing 

Point, 

. 

68,8 

58 

70.0 

59 

71,2 

60 

72,5 

61 

73,8 

62 

75 ,0 

63 

76,5 

61 

78,0 

65 

78,5 

66 

81,3 

67 

83,1 

68 

85,0 

69 

87,0 

70 

89,0 

71 

90,7 

72 

92,1 

73 

93,6 

74 

95,0 

75 

96,8 

76 

98,6 

77 

100 

78 

68A 
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APPE3JDIX  10 


Density  of  Solid  and  Liquid  Trinitrotoluene  at 


Various  Temperatures 


Teaqseratvire, 

oc 

Specific 

(Cavity 

i 

Specific 

Volume 

Agmihte 

Condition 

25 

1 ,6407 

1  0,6095 

1  -  Solid 

40 

1  1 ,6369 

1 

0,6109 

n 

50 

1  1 

I  KG3i8 

1  1 

0,6128 

tt 

55 

!  I ,6305 

0,6133 

n 

60 

1,6299 

1  0,6135 

n 

65 

I ,6274 

0,6145 

H 

70 

1 .6212 

0,6157 

ri 

72 

‘  I.6I51 

'  0,6192 

It 

75 

1,5671 

0,6381 

1 

It 

78 

1,5149 

0,6601 

It 

79.5 

1,4982 

0,6672 

tt 

8! 

1,4638 

0,6832 

82 

1,4634 

0,6833 

.  Liquid 

88 

1,4584 

0,6857 

tt 

93  1 

1,4516 

0,68§9 

tl 

It 

APPENDIX  11 


Specific  Vapor  Pressure  of  Trinitrotoluene 


Temperature,  ®C  !  85  1 

100 

190 

245—250 

Vapor  pressure,  mn  Hg  'j  0,053  | 

0,106 

2 

1  50 

APPENDIX  12 

Change  in  Specific  Heat  of  Trinitrotoluene  with  TssiMrature 


Tttiqwrature,  °C  j 

0 

20  ■ 

1 

50 

80 

Bppot^  heat,  cal/gis/c’C  | 

0,309 

0,328 

0,353 

0,374 

1 
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APPENDIX  13 


Effect  of  Light  upon  Preeiing  Point  and  Senaitirity  of 


2,4»6-Trinltrotoluene 


Exposure  Time, 

Hrs. 

Froesing 

lolnt, 

;’8c-  , 

Shock  Sensitivity 
(p  -  10  kg,  h  - 
»  25  cm)  of 

0103  gm  Sample, 
in  i  explosions 

Deflagration, 

OC 

0 

1 

i  80.1 

•  '  10  j 

i 

205— 29H 

65 

!  71), 3 

6 

1  295—298 

165 

78,7 

20 

293-295 

300 

78.3 

2i 

293—295 

450 

76.7 

'  32 

285-290 

512 

76,4 

1  ^ 

280-285 

Ai'l'KNDlX  14 

Explosive  Properties  of  Mixtures  of  TNT  and  RDX  and  Altadnum  Powder 


Name  of  Rxploelve 

:  Density  of  Cast 

Alloy,  ga/nil 
Velocity  of 
Detonation,  m/sec 

Brlsance  due 
to  East,  an 

Gas  VoluBw, 

Itr/kg 

Heat  of  Explosion; 
kcal/kg 

c: 

^  o  ^ 

^  O  nH 

0  0  O 

r'i  8) 

tkt/rdx 

90/10 

1 

! 

!  82 

;1.62 

7070 

1 

1,,. 

1 

j 

i 

1 

j 

i 

I  316 

1 

i  24 

80/20 

i  82 

1  1,03 

'7210 

'  4.5 

- 

i  — 

1 

t 

'  320 

!  12 

70/30 

!  82 

j  1.64 

7420 

!  4.7 

— 

'  — 

!  353 

8 

60/40 

82 

1,67 

7510 

1 

4,9 

i  - 

— 

_ 

357 

10 

50/50 

— 

1,70 

j7570 

5,1 

j  791 

1180 

3820 

368 

12 

40/60 

— 

1,70 

7670 

5,2 

1 

1  830 

1200 

3910 

388 

8 

TNT /RDX/ Aluminum 
“70/15/15 

85 

1.72 

6960 

4,5 

24 

50/25/25 

85 

1,85 

7680 

4.9 

— 

397 

21 

50/20/30 

85 

1,80 

7400 

4,7 

- 

— 

21 

40/45/15 

90 

1.79 

7500 

5.3 

478 

24 

12 

TNT / A  luttinuin 

85 

1.65 

6590 

4,4 

730 

1195 

3800 

416 

90/10 

1 
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APPENDIX  15 

Fktaealng  Point  of  Alloys  of  Mononitrobsnzene  and 


Oinltrobenzene 


Conqsosition,  % 

Freezing 

Point, 

Composition,  % 

Freezing 

Point, 

Mononitro¬ 

benzene 

Dinitro¬ 

benzene 

•  "c 

Mononitro¬ 

benzene 

Dinitro- 

benzens 

°C 

0 

100 

•  80, S 

2,, 50 

97,, 50 

78,40 

0,2.') 

99,75 

8(J,5 

2,7,5 

97, Vi 

78,20 

0,50 

99,50 

80.2 

3,00 

97,00 

77,90 

0,75 

'  99,25 

79,95 

'■  3,50 

90,50 

77,40 

1,00 

99,00 

79,7 

4,00 

'  96,00 

76,90 

1.25 

98,75 

79,15 

4,50 

95,50 

i  76,45 

1,50 

9«.r,o 

79,25 

5.00 

95,00 

1  76,00 

1,75 

93.25 

79,00 

5,50 

97,50 

75,60 

2,00 

98,00 

78,80 

6,00 

94,00 

75,20 

2,25 

07, 75 

78,60 

8,00 

92,00 

^  73 ,60 

1 

10,00 

90,00 

I  72,20 

I 


APPENDIX  16 

Change  in  Specific  Gravity  of  Mononitrobenzene  Relative  fd 


Dinitrobenzene  Content  thereof  (at  15°) 


Specific  Oavity 
of  Nitrobenzene 
at  15° 

Dinitro¬ 

benzene, 

% 

Specific  Gravity; 
of  Nitrobenzene 
at  15° 

Dinltro- 

benzene, 

% 

Specific  Gravity 
of  Nitrobenzene 
at  15° 

Dinitro¬ 

benzene, 

% 

1,206 

0.0 

1,223 

6.5 

1,245 

16 

1,208 

0.5 

1 ,224 

7,0 

1,248 

17 

1 ,210 

1.0 

1,225 

7,5 

1,251 

18 

1,211 

1.5 

1,226 

8,0 

1,254 

19 

1 ,212 

2.0 

1.227 

8,5 

1,257 

20 

1 .213 

2.5 

1.228 

9.0 

1,259 

21 

1,214 

3,0 

1,229 

9.5 

1,261 

22 

1,215 

3.5 

1,230 

lO.O 

1,265 

24 

1,216 

4,0 

1,232 

11,0 

1,268 

25 

1,217 

4,6 

1,234 

12 

1,271 

26 

1.218 

5,0 

1,237 

13 

;  1 ,272 

27 

1,220 

6.5 

1  1.240 

14 

!  1,273 

28 

1,222 

6,0 

'  1,243 

15 

1.275 

29 

■ 

1,280  * 

30 

• 
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APPENDIX  18 


Heat  of  Coobustlon  and  Formation  of  Naphthalene  and  its  Nitro  Derivativea 


Substance 


Molecular  Heat  of 

Combustion  in  kcal  Heat  of  Formation 
- - -  kcal/mole 


when  vrtien 

V  “  const  p  «  const 


Naphthalene 
l-Nitronaphthalene 
1, 5-Dinitronpphthalene 
1 , 8-Dinitronaphthalene 
1, 3»  8-Trinitronaphthalene 
1, A, 5-Trinitronaphthalene 
1»3»6, 8-Tetranltr  ©naphthalene 


1231), 33 

1229,17  ; 

-11,6 

1189,1)5 

1190,09 

-  7,3 

1153,48 

1152,61 

-  3,6 

1154,74 

1153,87 

—  4,8 

1119,75 

1117,86 

—  2,9 

1122,72 

1120,83 

—  5,8 

— 

— 

-  1,6 

APPENDIX  19 


Melting  Point  of  Alloys  of  1,5-  and  1, S-Dinitronaphthalenes 


Percentage  CoB^Josition 

Melting  Points,  ®C 

1, 5-Dinitf ©naphthalene ■ 

1, 8-Dinitro- 
naphthalene 

Initial  1 

Final 

100,0 

1) 

215 

1 

!  215 

90,9 

9,1 

195 

!  206 

78,9 

21,1 

183 

200 

66,7 

33,3 

183 

193 

r)0.0 

50,0 

18.3 

18.5 

33,3 

6(',7 

148 

155 

22.1 

77,9 

145,5 

!  145,5 

90,1 

90,9 

no 

161 

0 

100 

170 

171 

APPENDIX  20 


Solubility  of  Isomers  of  Trinitrotoluene  in  Various  Solvents 


Trinitrotoluene 

Isomers 


Solvent 


Temperature  of  Solubilily, 
Solution,  OC  % 


1 .  3,  8-  i 

Dichloroethane 

19 

0,60 

1.2,  ,5. 

If 

19 

3,72 

1.3,  8- 

6S9t  HNO3 

19 

0,07 

1,  2,  .3- 

65!f  HIIO3 

19 

0,2.5 

1 .  2,  5- 

Chlorofona 

19 

2,01 

1,3,  8- 

Acetone 

19 

2.99 
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Contlnuad 


Trinltrotoluena 

IsoMrs 


Solvent 


TeiQMrature  of 
Solution,  ®C 


Solubility, 

i 


I  Acetone 
<)5%  Alcohol 
j  Alcohol 
j  Gasoline 
Gasoline 
I  Acetic  acid 

I 

same 

;  Carbon  disulfide 
Carbon  disiilfide 
Water 
Water 


19 

19 

19 

55 

tiS 

89 

Boiling  point 

same 


25.42 

0.02 

0,43 

0,07 

0,06 

0,73 

Insoluble 

same 


APPENDIX  21 

Specific  Gravity  of  Mixture  of  Benzene  and  Chlorobenzene  at  15° 


Composition  in 


Composition  in  % 


Composition  in  % 


Benzene 

Chloro¬ 

benzene 

(-  Specific 
a*avity 

Benzene 

Chloro¬ 

benzene 

Specific  ] 
Gi*avlty 

- 1 

Benzene 

Chloro¬ 

benzene 

Specific 

a^avity 

0 

;  1(0 

1,1125 

35 

■  "H 

65 

1,0200 

70 

30 

0,9125 

5 

!  r5 

1,0988 

■■  40 

60 

1,0092 

75 

25 

0,9321 

10 

j  no 

1.0852 

II  45 

1  55 

0,9979 

SO 

;  20 

0,9220 

15 

85 

1,0718 

:  50 

0,9800 

85 

15 

0,9121 

20 

!  80 

.  1,0,585 

55 

45 

v.97:r> 

90 

10 

10,9031 

25 

1  *5 

1,0154 

tiO 

■MI 

ii.DivM 

9.5 

1  5 

,io,8939 

30 

70 

1.0327 

05 

nr. 

",9.'..31 

100 

■  (1 

0,8818 

APPENDIX  22 

Specific  a*avity  of  Mixture  of  Chlorobenzene  and  Dichlorobenzene  at  15° 

Composition  in  %  Ccoqaosition  in  %  Composition  in  % 

_ _ Specific _ * - Specific  - — - - Specific 

Chloro-  Dlohloro-  ci'avity  ChJaoo-  Dichloro-  a*avity  Chloro-  Dlohloro-  Qravity 

'benzene  benzene  benzene  benzene  benzene  benzene 


690 


367 


APPENDIX  23 


HMt  of  Forufttlon  owl  of  Conbxistion  of  Orianic  Substances 
(Starting  and  Intermediate  Materials  for  Powders  and  High  Explosives) 


- i 

1 

c) 

di 

1 

Substance 

a) 

i 

1  r 

r 

1 

■wA 

1 

i  J_ 

1 

s 

O' 

Se 

6 

i 

5 

Akardlte  1,  asymmetrical 
(diphenylurea) 

Akardlte  2,  (N-methyl-NN»- 
diphenyluroa) 

Akardlte  3,  (M-ethyl-SN*- 
dlphenyltirea ) 

Anisole 

Aniline 

Acetone 

Benzene 

Glycerol 

Dlbutylphthalate 

Dimethylaniline 

2 . 4- Dlnl tr oanls  ole 

2 . 6- Blnltroaniaole 

2. 4- Dlnltrotoluene 

2.6- Dinltrotoluen9 
Dioxane 

Dlphenylasiine  (solution 
Diphenylnitrosoamine 
Dichloroethane 
Diethyleneglyool 

Dlethylptathalaka 

Camphor 

Meta-xylene 

Mannitol 


i 

CijIljjON'j  [ 

i 

212,2-1 

1605,4  [ 

1 

7564 

! 

103,9 

22,0 

26,4 

i 

• 

226,27 

1771,4 

7  629  1 

77,3 

1 

17,5  j 

22,4 

!  Cisll.eONj 

!  j 

240,29 

1923 

1 

8  002  , 

115,1 

. 

27.7  1 

1 

33,2 

'  C^llgO  ' 

108,131 

1 

904  1 

1 

8  360  I 

224,2 

24,2  ' 

26,8 

CeH,N  , 

93,12' 

810  j 

8  700 

'-104,3 

-9,7 

-7.4 

.  CjHsO  , 

58,08 

427,2  1 

7355 

989 

57.1  ' 

59,4 

CjMc  . 

78,11 

780  j 

9  982 

-166,6 

-13  , 

-11.3 

C3H8O3 

92,09; 

395,5  1 

4  295 

1700 

i  156,6 

159,8 

Ci(iH32()4  j 

'278,34' 

1 

2055 

7  383 

689 

!  191.9 

! 

199,5 

'  CsH„.N 

121,18 

1142,7 

9429,8 

-158,52 

1 

-19,21 

-15,73 

198,13 

821,4  1 

4  145.7,  198,5 

!'  39,3 

43,1 

CjMeOsN': 

jl98,13 

1  1 

820,7 

4  142 

1  202,2 

1 

40,0 

43,8 

1 

482,13 

848,7  1 

4660 

65,9 

i 

12,0 

i  15,5 

1 

j  CrUjO^N': 

482,13 

854,4  : 

4  691 

j  34,8 

6.3 

9.8 

C4II8O:. 

1 

88,10 

561,2  ' 

6  370 

964 

84,9 

87,8 

'  C,4I„N 

469,22 

1537  1 

1 

9083 

-291 

-37,4 

1  -32,9 

Cj^H  joON':.’ 

498,22 

1526 

7  700 

-304,1 

■  -60,4 

-56,6 

98,97' 

296,5 

2  396 

374,4  37,1 

!  38,8 

106,18 

568,2  ; 

5  354 

1  1371 

j  145,5 

'  149,3 

!222,23 

1422 

6  400 

804 

178,7 

183,9 

C, ,,11,80 

152,23 

1411 

9  271 

453 

1  65’ 

73,9 

C.jllio 

106,16 

■1087 

10  239 

i  25.4;  2,8 

5,7 

'■o' In' V, 

182,17 

723 

3  969 

1722 

i  313,7 

319,5 

I 


a)  Fomula;  b)  Molecular  weight;  c)  Heat  of  confcustion  (v  -  const);  d)  Heat  of 

formation 
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Continued 


-J 

d) 

i 

r  ' 

•1 

Substance 

1  a) 

b) 

1 

1 

1  r 

>1 

1 

i 

<1 

u 

It 

u 

j 

i  s 

0 

» 

> 

Methyl  alcohol 

1  , 

Tl*line  thyleneme  thylaethane 

Cll4() 

32,01 

:  173,5 

j 

1  5  415 

1732 

55,5 

57 

(metrlol) 

j  CjHijOj 

120,15 

1  650,6 

j  5  847 

1438 

172,8 

177,2 

Urea 

1 

1 

Naphthalene 

j  CHA''’2 

60,06 

153,3 

2530 

1249 

75,7 

77,7 

2-Methyl-2-nitropropanediol 

1 

128.16, 

1232 

9616 

-172,4 

-22.1 

-19,8 

C4H904N 

135,12 

548 

4  057 

974,7 

131,7 

135,8 

QMianidlne  nitrate 

1 

1  CHjOjN'^ 

122,09 

209,5 

1  716 

712,8 

87,0 

90,8 

Urea  nitrate 

CH5U4N3 

123.07, 

131,9 

1  071.7 

1663 

130,9 

134,4 

Nitroaminoguanidine 

1  1 

119. 09j 

268 

2  250  ' 

—43,4 

-5.2 

—1.7 

Hltrogiumidlne 

CH40.N4 

104.07, 

210,6 

1 

2023 

177,6 

18.5 

21.4 

Nltroisobutylglycerol  i 

C4H905N 

151,12: 

507,9 

3  361 

1138 

172 

176,4 

Mitromethane 

i 

CHjOjN 

61.04 

175,9 

2881 

318,3 

19,4  j 

21.1 

Nitrourea 

CH303N3 

105,06' 

130,8 

1  245  1 

613,7 

64,5 

67,1 

2-Nitro-2-ethylpropanediol 

C5H„04N  j 

149, 15j 

703,7 

1 

4  718  ' 

0J3,2 

137,7 

142,3 

Pentaerythritol 

C5H,.04 

135,15' 

661 

4  855 

1573  1 

2! '  1  i 

218,7 

Stearic  acid 

C|jH3jU5  [: 

J84,47 

2703  j 

9  503 

718 

204,2  1 

215,2 

ToIuaha 

C,H, 

92,13' 

932,8 

10125  j 

—50,0 

-4,6 

-2,3 

Triethyleneglycol 

CeH.404 

150, 17i 

1 

851  ! 

5  667  1 

1236 

185,7  j 

190,9 

Urotropine  , 

CbHijN, 

140,19, 

1C04.6  ' 

7  166 

-252,5 

—35.4 

-30,8 

^  1 

CsHjO 

94, 111 

730,7  j 

7  764 

382,7 

36,0 

38,0 

268,35 

2254 

8400 

72,3 

19,4 

26,1 

Centrai.ito  1  j 

CisHieON* 

240,29 

1942 

8  081 

36 

8,7 

14,2 

Centralite  2 

254,32 

2094  1 

8  233 

71,5 

18,2 

24,3 

Centrallte  3 

C4H]o04 

122,12 

500,2 

4  096 

1748 

213,4 

217,5 

Erythritol 

CjHjO; 

62,071 

285,2 

4  594 

1698 

105,4 

107,7 

Ethyleneglycol 

■ 

• 

j 

C'lleO 

46,07, 

326,2 

7  081  j 

1396  • 

61,3 

66.3 

Ethyl  alcohol  { 

i 

1 

1 

74.I2I 

650,5 

8  776 

851 

63,1  ! 

(>6,3 

Ethyl  ether 

1 

1 

t 

( 

• 

C(iHn03  |i 

34,17! 

863,5 

6  436  1 

1294 

173,2 

178,1 

Trittethylolethylmethane 


a)  Fommlaj  b)  Molecular  weight;  o)  Heat  of  oombustion;(v  -  const);  d)  Heat  of 

formation 
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*  APPENDIX  2U 

He4t  of  Formtion  And  C<»b\Mtion  of  Explosives 


Explosives 


Dinltroethsne 

Glycoidlnltrste 

Ethylenedinitroanino 

Elhylenedisinlne  dinitrste 


a) 

6) 

C 

r 

os 

! 


I 

««• 

*■! 


CjH40,N2 

C,H404N, 

CjH604N4 


120 

152 

ISO 


284,6 

268 

370 


2370 
1764  ! 
2465 


320.6 

360,4 

133 


38,5 

54,8 

20 


41.4 

58,3 

24 


Glycerol  trinitrate  G2H10O6N4 

CyclotrimethylenotrlnitrosoaiBine 


Hexogen  (cyclotrimethylene- 
trlnitroamine ) 

Dinitrodimethyloxamide 
Nitroisobutylglycerol  trinitrate 


CaHeOeNo 

C4H6O4N4 

C4H60„N4 


Erjtthritol  tetranitrate 

2-Methyl-2-nitropropanediol- 

dlnltrate 


1 C4H6O12N4 

I 

.jC4H70jN3 


186 

227 

174 

222 

206 

286 

302 

225 


376 


368,6 


557,3 

507 


2020 

1623 

3200 

2282 


803,6 

362,3 

-417,4 

—100,4 


512  I  2485 

I 

530  1  1856 


322,2 

167,8 


149,6 

82,3 


-72,7 


-22,3 


66.4 


48,0 


467  1546 

526  2349 


369.2 

371.2 


111,5 

83,6 


155,4 

87,2 

-68,3 

-17.1 


71,1 


54.1 


117,9 

88,8 


Diglycol  dinitrate' 

DINA 

PETO  (pentaerjrthritol 
tetranitrate ) 
Nitro-2-ethylpropanodiol 
dinitrate 

Trinethylenemethyl-liDaUOUl 
methanetrinitrate 
TVinitrochlorobenzene  * 

Trinitrobenzene 
Picric  acid 


1 

'  196 

1 

!  549 

2798 

496,5 

97,4 

'  102,3 

c:4H808N4 

240 

!  578 

2409 

282,7 

67,7 

73,5 

C5H80I2N4 

316 

620 

1962 

1 

379,5 

120,0 

127,0 

05H908N3 

239 

694 

1 

1 

2900 

336,1  1 

80,4 

86,2 

‘  j 

255 

674  1 

1 

2644  1 

1 

389,5 

99.4 

105,5 

1  i-gl  l20(jN3Cl  ; 

:  1 

247,6! 

646  : 

2609  i 

-36,2 

-9.2  1 

-5.5 

'  i 

213 

660 

3099 

23,5 

5,0  1 

8,5 

^'tiH307N3 

229 

618 

2696 

208,9 

47.8  1 

51,5 

Trinitroresorcibol 

Tetranitroaniline 

Dinitrobenzene 

Trinitroaniline 

Trinitrophenylhydrazine 

Annoniun  picrate 
NENO 


245 

566 

i  CgH30gN3 

273 

659 

168 

696 

;  CgH^Oi,N4 

228 

686 

243  ; 

747 

246  - 

679 

.r.(i 

715 

2310 

404,8 

99,2 

103,3 

2411 

25,4 

6,9 

11,5 

4142 

17,1 

2.9 

5.8 

3008 

57,5 

13,1 

17,2 

3074 

-59.7 

-14,5 

-9.9 

2760  . 

354,8 

87,3 

91,9 

2007 

335.1 

e 

119,4 

126,9 

a)  Foraula;  b)  FnlemHar  4ieight;  c)  Heat  of  co^ustion  (v  -  const),  d)  Heat  of 

fomation 
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Continued 


Explosives 

c) 

ct) 

oj 

b) 

■i 

J 

1 

1 

1 

• 

.. 

. 

03 

03 

•  1 

Mannitol'  .hmxanitrate  { 

Trimethylene-ethylmethanetrinitrate 

j  452 

1 

I  684 

1512 

342,8 

150,5 

159,8 

TNT 

C«H„OaN3 

269 

1  829 

3081 

394,3 

106,1 

112,8 

Trinitrocresol 

f:7H;,OiN3 

227 

817 

3596 

44,6 

10,1 

14,2 

Trlnitroanlsole 

!  2-13 

772 

3175 

1 

226,7 

55,1 

59,5 

Tetryl 

1 C7H5O7N3 

J  2-13 

795 

3269 

132,0 

32,1 

36,5 

Trinitropherjylglycol  nitrate 

C-HsOgNs 

287 

1  810 

2926 

—46,2 

—13,3 

-8,0 

i  CgHnOioN,  1 

318 

891 

2811 

189,8 

60,4 

66.2 

Xylene 

L'aHjOgN,  . 

2-11 

971 

•1025 

74,3 

17,9 

22.5 

Trlnltroethylbenzene 

211 

977 

4051 

47,7 

11,6 

16,2 

Trlnitrophenetole  1 

CjHjOjNs 

257 

946 

3080 

164,2 

42,2 

47.4 

TrinitrophenylethylnitrsmlhB  | 

CgHjOgNj  1 

301  1 

9'jO 

3289 

—6,4 

-1,9 

3,9 

Trinitromesitylene  j 

‘  1 

CgHgOt^Nj 

255  i 

1126 

4412 

94,5 

1 

24.1 

29,3 

Trinitrophenyltrimethylnitramine 

C9H9O12N9 

1 

•435 

1190 

2734 

—91,7 

■*-39,9  j 

-31,2 

Tetranitronaphthalane  ■; 

CioHgOgN,  j 

308 

1085 

i 

3522 

-32,5 

-10,6 

-.5,4 

1 

l,3»S-Trinitronaphthalene  ') 

263  ; 

1121 

1 

4259 

1  i 

1— 14.7 

—11,8 

-7.7 

1 

f’-ioHsOeNs 

1 

1  ' 

1 

263 

1124  , 

4270 

— 5i),5 

—  14,6 

-10,1 

1,4,5-Trinitronaphthalene  ; 

•  , 

1 

1,5-Dinitronaphthalene  j 

|l 

1 

CioH{0,N2  I 

218  1 

1151, 7| 

1 

5293 

-54,6 

—  11,9 

-8.4 

1 

21;,  ; 

1156,0 

5299 

-60,5 

—  13,2 

-9,7 

1,6-Olnltronaphthalene  i 

1  ;  : 

CioHi60j9Ng 

524  ; 

1276 

2134 

389,5 

204,2 

216,1 

Dipentaorythritol  hexanitrate  ■ 

1 

1 

CjjUjOjjN; 

439  1 

1315 

2994 

-41,2 

—18,1 

-11.1 

Hexyl 

ChHjOioNio 

1030 

2819 

-77,0 

—44,1 

-34,2 

Ditetryl  I 

572  j 

a)  Formula;  b)  Molecular  weight 

f 

c)  Heat  of 

combustion  (v  « 

const); 

9 

d)  Heet  of  formation 


APPENDIX  25 

Physical  Chemical  Constants  of  Brisant  Explosives,  as  well  as  of  Initial 
Products  and  Intermediate  Synthesis  Thereof 

The  numerical  values  of  the  constants  are  rovmded  off  and  carried  as  far  as 

necessary  for  use  under  ordinary  technological  conditions  of  coe^utaion.  The  figures 

in  parentheses  indicate  the  teig>eratures  for  which  the  data  are  valid. 


Itaw 


Benzene 

Toluene 

Ortho-xylene 

Heta-xylene 

Para-xylene 

Ethylbenzene 

Naphthalene 

Diphenyl 

Methyl  alcohol 
Ethyl  alcohol 
Glycol 

Glycerin 

Phenol 

Chlorobenzene 

Urea 

Aniline 

Nitrobenzene 

Ortho-dinitrobenzene 

Meta-dinitrobenzene 

Para-dinitrobenzene 

1,3, 5-Trinitrobenzene 

Ortho-nitrotoluene 

Meta-nitrotoluene 

Para-nitrotoluene 

2 , A-Dinitrotoluene 

2, 6-Dinitrotoluene 

3 , 4-Dinitrotoluene 

2 , 3-Dinitrotoluene 

3»6(2, 5 )-Dinitrotoluene 


a) 

b) 

c) 

ci) 

CoHs 

73,1 

5,58 

80,1  1 

1  CHjCJIs 

92,1 

-95,0 

110,6 

:  (CHjjrCtH, 

100,1 

-25 

144 

I 

100,1 

-47,4 

139,3 

(CiyjQiu 

106,1 

-13,2 

138,5 

I  CjUs  QHs  I 

106,1 

-94,4 

136,2 

128,1 

80,2 

217,9 
subli¬ 
mates  : 

1M,2 

69,5 

254,9 

\  OH  ClIj 

32,0 

-97,8 

64,7  : 

!  OU  CoHs 

46,1 

-112 

78,4  1 

1  OHCHa-GHjOH 

02,0 

—15,6 

197,4  i 

OHCHj. 

:  -CtAOHj  CHa-OH 

92,1 

17,9 

290  j 

'  OH  CbHs 

94,1 

42,5 

181,4  1 

1  ClCeHs 

112,5 

-45,2 

132,1  1 

j  NHj  CO  NHj 

60,0 

132,7 

de  can- 
poses  1 

j  NHs  QHs 

93,1 

—e,2 

184,4 

1  NOj-CsHs- 

123,1 

5,7 

210,9 

(NOj)2CsH, 

168,1 

116,5 

319 

:  (NOj)2  CgH4 

168,1 

89,7 

302 

(N02)2C6H4 

168,1 

172,1 

309 

j  (NOjh  QH^ 

213,1 

123,25 

deco»- 
poses  ' 

,  NO,  C5H4.CHJ 

137,1 

-10,6(0) 

-4,1(8) 

222 

'  N02  C6H4  CH, 

137,1 

15,5 

231 

1  NOsQM^-CHa 

1 

137,1 

51,9 

237,7 

n 

!  (NOjh  CgHj.CHa 

182,1 

69,95 

0 

n 

0 

(NO,),  C6H3  CH3 

182,1 

65,1 

1 

0 

(NO;),CbHvCU5 

182,1 

58,5 

4> 

T3  0 

1  (NO;),.  CgHs  CH, 

182,1 

59,23 

•0  S 

+0 

j  (NO2);.06H3.ch3 

182,1 

59,5 

ca  cd 

0 

c) 


0,879 

0,451 

0,867 

0,408 

0,881 

0,423 

0,867 

0,413 

0,861 

0,414 

0,864 

_ 

1,152 

0,308 

0,992 

(73) 

0,306 

0,792 

0,609 

0,789 

0,579 

1,113 

(10°) 

— 

1,261 

0,525 

1,071 

0,561 

1,107 

0,311 

1,335 

0,371 

1,022 

0,512 

1,204. 

0,360(0'-) 

1,59 

(18°) 

1,575 

- 

1,625 

_ 

1,688 

- 

1,163 

(20°) 

- 

1,160 

IIS'-) 

— 

1,139 

(55°) 

— 

1,32 

(71°) 

0,33 

1,28 

(111’) 

— 

1,259 

(111’) 

1,263 

(111°) 

1 

1,282 

(IIP) 

1 

a)  CheiBical  foraulaj  b)  Molecular  weight;  c)  Melting  point, OC;  d)  Boiling  point 

at  p  -  760  nm,  ®C;  e)  Specific  gravity  or  denaity;  f)  Specific  heat  at  25°,  kcal/kg  (°C); 

g)  (sublinatee);  h)  Decon^joses;  i)  Boils  and  deeoaposes  at  300^ 


695 


372 


Continued 


Name 

«) 

b) 

c) 

di 

ffj 

f) 

3, 5-Dinitrotoluena 

2,4, 6-Trinitrotoluene 

(NOah-CuHaCHa 

182,1 

92,1 

9)  . 

1,277 

(111*) 

1,663 

— 

(NOvhQUaCHj 

227,1 

8l),S5 

b) 

0,328 

1,467 

2,4, 5(3 ,4,6 )-Trinltrotoluene 

(N0,)3C6H2CH3 

>27.1 

102,3 

i) 

(82°) 

1,620 

2, 3 , 4-Trinitrotoluene 

(NOaja-CsHjCHj 

227,1 

110,,'l 

1,620 

2,3, 6-Tr init ro  t  oluene 

(NOj)jC6H8CH3 

227,1 

109,8 

- 

1,620 

2,3, 5-Trinltrotol«eBa 

(N02)3-C6HjCH3 

227,1 

02.5 

- 

1,620 

3,4, 5-Trinltrotoluene 

(NOahCgHjCHa 

227,1 

132,0 

1,620 

2-Nitro-»-xylene 

NO.-CeHa-CHa 

151,1 

13 

225 

1,112 

(16“) 

- 

4-Nitro-m-xyl ene 

NOjCfiHa-CHa 

151,1 

0 

244 

1,135 

(15“) 

- 

5-Nitro-m-xylene 

NOjCeHj.CHa 

NOjCeHsCHj 

151,1 

151,1 

74 

273 

239 

1,132 

— 

2-Nitro-n-X7lene 

NOjCaHa.CHa 

151,1 

15 

240 

— 

3-Nitro-o-xylerie 

NOj-QHaCHj 

151,1 

31) 

259 

_ 

— 

4-Nitro-o-xylene 

NOjCeHa'CaHa 

151,1 

-23 

22H 

1,121) 

;  „ 

Ortho-nitroethylbenzone 

151,1 

-32 

245 

1,124 

N0^.C6H4C2H3 

Para-nitroethylbenzene 

* 

NOjQHa'CjHa 

151,1 

-37 

246 

— 

Meta-nitroethylbenzene 

(NOihOeHj. 

n>6,i 

8.3-4 

— 

— 

2. 4- Dini tr o-m-xylene 

2. 5- DinitroHn-xylone 

•(CHjh 

(NOjJzCeH,- 

•(Cl1a)2 

tN02)2C6Hj' 

1‘>6,1 

U>6,1 

101 

93 

— 

— 

-- 

4 , 6-Dinitr o-m-xylene 

(NOjh-CsHj- 

(Criah 

196,1 

132 

— 

— 

- 

4 , 5-Dinitr o-m-xylene 

(N02)9-CoH2- 

196, 1 

123.5 

— 

— 

2, 6-Dinitro-n-xylene 

(NO-ljCcH..- 

(CHa). 

196,1 

93 

— 

- 

2, 3-Dinitro-n-xyleno 

•(CH.a)2 

1  18 

2 , 5-Dinitro-n-xylene 

•(CH.i)j 

196,1 

s2 

K) 

3 , 4-Dinitro-o-xylene 


a)  Chemical  formula;  b)  Molecular  weight;  c)  Melting  point,  “C;  d)  Boiling  point 

at  p  •  760  mn,  ®C;  e)  Specific  gravity  or  denalty;  f)  Specific  heat  at  25®,  kcal/kg  (OC); 

g)  Boils  and  decooposes  at  300®;  h)  Explodes  at  2B0®;  i)  Explodes  at  290®; 

J)  Decomposes  at  313°}  k)  Explodes  at  13® 
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Continuod 


3 . 6- Dinltro-«>-x3ri«ne 

3 , 5 ( 3 » ^ )-Dinitr o-o-xylene 

4. 5- Dinitro-o-xylen« 
2,4-Dinltro«thylbenzene 

2.4. 6- Trinitr  o-nwcylene 

2.4. 5- Trinitro-«-xylene 

4 . 5 . 6- Trinitr o-a-xylene 

2.3. 6- Trinitro-n-xylene 

3.4. 6- Tr initr o-o-xylene 

3.4. 5- Trinitro-o-xylene 

2.4. 5- Trinitr oethylbenzene 
o-Nitronaphthalene 

1. 5- Dinitronaphthalene 

1. 8- Dinitronaphthalene 
1, 3-Dinitronaphthalene 

1.3. 8- Trinitronaphthalene 

1.4. 5- Trinitronaphthalene 

1.2. 5- Trinitronaphthalene 

1.3.6. 8- Tetranitr onaphthalene 
1, 2, 5,  S-TetranitronajAthalene 
1,3, 5y*-Tetranitronaphthalene 

1.4.5. 8- Tetranitronaphthalene 
Ortho-nitrocblorobenzene 


196,1 

56 

- 

- 

, 

196,1 

•  75 

9) 

— 

— 

196,1 

115,6 

- 

- 

— 

(NOj)j.C6H3.C.Hj 

196,1 

4 

- 

- 

— 

241,1 

182 

- 

1,604 

(18°) 

— 

241,1 

90 

— 

— 

— 

'.a'""’ 

241,1 

12s 

— 

1,494 

— 

241,1 

137 

h) 

1,159 

— 

241,1 

115 

- 

- 

— 

241,1 

72 

— 

— 

— 

(NO,),C«H,.CsH, 

241,1 

37 

— 

— 

— 

NOs-CioH, 

173,1 

60 

304 

1,233 

(61°) 

— 

(NO,);Ci(|H8 

21S,1 

216 

i-l 

- 

— 

(NOsVCioHs 

218,1 

173,5 

J) 

- 

— 

(NO,),-C,oH, 

2IS,1 

144 

.  1) 

- 

- 

(NO.),.C,oH5 

263,1 

218 

- 

- 

— 

(NO.)3.C,oH5  • 

263,1 

148 

- 

- 

- 

(NO.)3.C,oH5 

263,1 

1)2 

- 

- 

- 

(N05)4C|oH< 

308,1 

202 

— 

- 

— 

(N05)4.C,oH4 

308,1 

270° 

(NO:)4.C,oH4 

308,1 

194 

— 

- 

(N03)4f,„H4 

308,1 

*  300* 

NO,  C6H4  CI 

157,5 

32.5 

245 

- 

• 

a)  Chemical  formula;  b)  Molecular  weight;  c)  Melting  point,  *’C;  d)  Bolling  point 
at  p  "  760  im,  ®C;  e)  Specific  gravity  or  denaity;  f)  Specific  heat  at  25®,  kcal/kg  (®C); 
g)  Explodes  at  438°;  h)  Explodes  at  463®;  1}  Sublimates;  j)  Deoonqposes; 
k)  Decomposes  without  melting 


Contlnuod 


Kane 

a) 

t”) 

c) 

d) 

e) 

f) 

Meta-nitrochlorobenzene 

[  NOs.CeH4  Cl 

157,5 

46,0 

235 

Para-nitroehlorobenaene 

1 

NOsCfiHjCl 

157,5 

83,0 

212 

_ 

2 , 4-Dlnitr ochlor obenzene 

(Na,)2C,H4-CI 

202,5 

53,1 

— 

— 

2 , 6-Dinitrochlor obenzene 

(1^0;),.CbH4.C1 

202,5 

43.2 

3 , 5-Dinitrochlorobenzene 

(N0:),.C«H4.CI 

202,5 

27,0 

- 

— 

Ortho-nitrophenol 

N0..C„H4.0II 

130, 1 

4.5 

2 14,, 5 

1,295 

(46  ) 

Mota-nitro];rfienol 

NOj  CsH,  OH 

130,1 

96 

194 

(70  ni«) 

1,485 

- 

Para-nitrophenol 

NOrCeHi-OH 

139,1 

113,4 

subli¬ 

mates 

1,48 

■  - 

2 , 4-Dinitrophenol 

(NOoh-CsHsOH 

184,1 

113,5 

subli¬ 

mates 

i,ri83 

- 

(NO,).  CeHa-OH 

184,1 

62,5 

■ 

2 , 6-Dinitrophenol 

(NO,)jC6H,OH 

229 

122,. 5 

1,763 

0,234 

2,4, 6“Trinitrophenol 

• 

(0°) 

(NO!),-C«Hr 

282 

129,4 

1,73 

0,217 

Tetryl 

•  NCHjNOj 

Amnonim  nitrate’ 

232 

265-270 

*— 

1.717 

— 

(NO,)iC6H... 

439 

243-244 

1,653 

_ 

Hexyl 

■ 

(CHrN*N05)3 

222 

204,1 

1,816 

0,30 

Hexogen  ! 

(CMrN-N0:)4 

296 

276-277 

1,87 

— 

Octogen  ! 

NO.O.CH..CH"- 
•  ONO., 

152,0 

or 

Cl 

Cl 

1 

_ 

l,4»y 

- 

Nitroglyool 

NO..O.CM,  CM-  , 
(ON02)CHoONO:, 

227,1 

i 

explodes 

1,596 

- 

Nitroglycerin 

NO.,OCH5.CH.O- 

! 

190 

0 

1,385 

_ 

CH.-CHoONO; 

(-10,9) 

Diethyleneglycol  dinitrate 

qCHONO,),  [ 

3u: 

141,3 

— 

1,77 

1,4 

') 

PETN 

(CH20NO..)3C  ■  ! 

5:2 

73,6 

1,630 

„ 

•CHOCH,.  I 

1 

1 

(15^2 

•C(CH.,0N02)3 

j 

1 

Dipentaerythritol  hexanitrate 

t 

1 

.  1 

1 

a)  Chemical  fommla;  b)  Molecular  weight;  c)  Melting  point,  ^C;  d)  Boiling  point  at 
p  -  760  BM,  OC;  e)  Specific  gravity  or  density;  f)  Specific  heat  at  25°,  kcal/kg  (oc); 
g)  Sublimates;  h)  Explodes  at  270® 
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APPENDIX  Ti, 


Ch*r*oteri«tioa  of  Major  Brisant  Explosives 


Explosives 

b) 

c) 

d) 

e) 

i) 

TNT 

82 

290 

1000 

1.6 

7000 

285 

Trinitrophenol 

122,5 

310 

1050 

1,6 

7200 

310 

Tetryl 

131 

190 

1100 

1.6 

7500 

340 

PETN 

141 

215 

1400 

1,7 

8350 

490 

HDX 

204 

230 

1300 

1,7 

8400 

470 

a)  Melting  point,  °C;  b)  Deflagration  point,  ®C;  c)  Heat  of  explosion,  koal/kg 
d)  Density,  gBi/cin3|  e)  Velocity  of  detonation,  m/sec;  f)  Work  performed,  due 

to  Trauzl,  ml 
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Azeotropic  mixture  23-24,  69 
Nitric  oxides  19-23,  28,  276 

Nitrous  acid  31,  52,  215,  252 

. 

Nitric  acid 

' —  properties  ‘and  structxire  25-26, 
32,  70 
Amines 

-  nitration  224-227 
•-  nitrosification  225 

-  oxidation  224 

-  production  of  215,  224-227 
Amnonium  nitrate  6,  7,  17,  226, 

•  265-270,  283-285,  289 
Anmonites  (ammonium  nitrate 
explosives)  7‘-  8 

Kimaas 

Amotols  80  -  81 
Aaisole  18 
Aniline  29,  243 
Aromatic  compounds 

-  nitration  of  24-44 
Benzene 

-  ,  nitration  18,21,30,50 

-  ,  properties  23,  130-131' 

-  ,  chlorination  183-185,199-201 
Brizant  explosives  5,  7  -  8 
Explosives 

-,  classification  of  7-8 
-,  deteiU.nation  of  5 
-,  applications  6-8 
Explosive  ten  mixtures  7-8 


Haleite,  see  ethylene-NN*-dinitraiaine  291 
Hexasethylenetetramine,  see  urotropine 
Hexamethylenetriperoxide,  diamine  25^ 
.Hexanitrobenzene  140 
He'xanitijodiphenyl  149-150 
Hpxanitrodiphenylamine  (hexyl)  7,  248  -  250 
Hexanitrodiphenyl  sulfide  150  ’ 
Hexan’itrodiphenylsulfone  150 
Hexyl  (hexylene),  see  hexanitrodiphenylandne. 
Hexogen  ( cyclotrimethylenetrinitramine ) 

-  production  250  -  287  ‘ 

-  ,  application ‘7,  251,  274 

-  ,  properties  250,  270  -  274,  287,  289  ’ 

Glycol,  spe  ethyleneglycol 

•  Glycoldinitrate,  see  ethyleneglycoldinitrate 

Glycerin  306-307  .  •  ’ 

Glycerintrinitrate  (nitroglycerin)  304-326 

•  -  ,  p  production  3C4  -  306,  312  -  326 

-  ,  application  of  5,,  304-305 

-  ,  properties  309-312 
Quanidine  293 

Quanidine  nitrate  297  ”  ’  •  • 

Denitration  column  76-77 
Denitration  of  spent  acids  75-79 
Diazo  group  19,22 
Diazotization  19 

Diglycoldinitrate,  see  diethyleneglycol- 
dinitrate 

Diglycerintetranitrate  327 
Dimethylaniline  JX  50,  228-233  ,  237-238 
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Dina,  see  Diethanol-N-nitroamirie 

•  dir.'itrate 

•  •  • 

Urotropine  dinatrate  253-54,263-^66. 
268 

■  Dinttroanisolp  48,  203-204 
Dinitrobenzene  7,48,130-^136,140-146 

.  Dinitrocresol  48-49,154 

■  Dinitroxyeiene  ;209 
Dinitromethane  217-218 
Dinitronaphthalene 

-  ,  pr<^uction  •165,171-174 

-  ,  application  162,168-169 

-  ,  properties  16*5-168 
Dinitroparrafin  214 
Dinitrore'sorcinol  207 
Qinitrotoluene  12,47,85—86,111 
Dinitcophenetol  48 

•  Dinitrcphenol  48,  188-189,201-203 
Dinitroohlorobenzene  13,186-188 
OipentKaerithrotol  333 

_  Dipentaerythrotol  .hexonitrate  337 

Diethanol7N-nitroainin5  dinitrate 
(Dina)  298-3 OCBtiiilqd»i 

Diethylene  glyco'l  329-331 

Diethyleneglycol  dinitrate 
.  (diglycol  dinitrate )329-332 

Substitution 

•  • 

-  ,  s'econd  type  45 

orientatiop  45,46,49 

-  ,  first  type  45 

Replaceaent  ( in  amaatic  cciiq>ounds ) 

-  ,  at  nitro  groups  19,24 

-  ,  at  nitrating  44-49 
Ratio  of  Isomers  46,47  ■ 

electrophilic  28,30,45,49 


Isonitro  conqsonnds  214 
Isopropyl  benzene  (cumol).177 
Catalysts • 

-  ,  nitrating  .  21 

-  ,  chlorinating  184-185 

Cation  nitration  -  see  nitrating 
cation. 

Mixed  acid 

-  ,  preparation  73-75 

-  ,  coo^jutation  62,-64,72-73 

-  ,  -characteristics  A8,60 — 62,68 
storage  70-72 

Acidification  54 
Classification- of  HE  7-10 
Control  of  production  67-68 
’Concentration  of  acid  78-79 
Cresol  207-209 
Xylil  see  trinitroxylene 
Xylene  -  151-152 
C.umol  -  see  isopropylbenzene 
Mannite  hexanitrate  346-347 
Mesiti^ylene  Ig 

Metanitrotetryl  -  see  tetranitro- 
ph'enyl-methyl-N-nitroaaine 

Methylamine  234-235,241-242 

Methylaniline  (monomethylaniline) 

233  -  234 

Methyl  nitrate  345  . 

Urotropine  mononHitra.e  253 
Monomethyl  aniline-  see  methylaniline 
Mononitrobenzene  131,140-144 
Mononnitroxylene  152-154 
Mononitronaphthalene  163-165,171 
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Mononitropar4ffin  213  -  215 
Mononitrotoluene  83.  -  85,  102  -  101* 
Mononitrochlorobenzan*  199  “  201 
Monochlorohydrindinitrate  326  -  327 
Naphathalone 

-  ,  nitration  of  18,  21,.  29,  50 

-  ,  production  of  162 

-  ,  properties  of  15,  162  -  163^ 

Nitrators  65  -  67  •  ’ 

Nitrates  -  of  starch  355  -  356 

-  ,  of  sugars  'ikl 

-  ,  of  mK#  alcohols  5,338-347 

-  ,  of  cellulose  347  -  355 
Cellulose  nitrates, production 

of  351  -  355  ■ 

-  -  ,  application  of  347  -  348 

-  -  ,  properties  of  348  -  351 
Nitroalkanes  209  -  224 
Nitroamines  8,  224  -  300'  * 
Nitrobenz.ene  14,19,40  -  41,  48 
Nitrobutane  214* 

Nitration 

-  ,  of  amines*  224-227,  291 

-  ,  of  nitric  aald  14,15,24-30 

-  ,  influence''of  temperature  upon 

49-50 

-  ,  in  presence  of  water  removing 

substances  16 

Nitration  of  inert  solvent  in 

* 

presence  of  water  removing 
,  substances  18 

•Nitration  of  acetic  anhydr'ide  in 
presence  .of  water  nemoving 
substances  17,  24,  31  • 


Nitration  of  acetic  acid  in  presenee 
of  water  removing  substances 
17,  18,  24,  31 

-  ,  catalysts  21.-23 

-  ,  kinetics  of  30  -  31,  40  -  44 

-  ,  control  of  process  67  -'  68 

-  ,  mecbanlsm'  witl\  nitric  acid  25  -  30 

-  with  mixed  sulfuric  nitrfc 

acids  31 »-  40 

-  ,  with  nitric  oxides  19  -  21 

-  ,  oxid.izing  21  -  23,  189  -  190 

-  ,  of  H  olifin@s.210  -■213-  •* 

-  by  organic  nitrate  18 

-  ,  vapor-phase  211-213,  216-217 

-  ,  aide  processes  50  -  54 

-  practice,  equipment  for  65-68 

-  with  mixed  stilfur  and  nitric 

acids  24-,  31  —  44  •  • 

•  -  with  nitric  acids  salts  l6-i7  , 

-  with  driving  off  of  water  23-24 

-  of  phenolsulfa  acids  181-183,  195-196 

-  ,  theoretical  fquhdations  of 

process  of  14  -  54 
Nitrohexane  214 

Nitroglycol  -  see  ethyleneglycoldinitrate 

Nitroglycerin  -  see  glycerintrinitrate 

Nitro  group'  9,  13,‘  19  •  * 

flitroso  group  9,  28  * 

Nitroquanidine  6,  293  -  298 

Nitroayl  cations  28,29,51,225 

N.ttrosyl  sulfuric  acid  20,53,76-77 

Nitrous  gases  -  see  nitric  oxides 
'  J 

Mitroisobptylglycerintetranitrate  346 
Nitrostarch  -  see  nitrates  of  staunch 
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Nltrollc  acids  215 
Nltro  olefines  216 
Nltromethane  212,  214-217 
Nltronluffl  cation  (cation  of 
nltronlum)  17,  21,  26,  27,  29,  31, 

35-39,  44,  45,  49,  50  '  . 

Nltroparafflns  209-224 
Nltropentane  214 
Nitr opr ©pane  214 

Nitrosugar  -  see  nitrates  of  sugar 
Nltrosulfurio  acid  31 
Nitro  compounds 
-,  analysis  of  11-12 
reduction  of  11  _ 

general  characteristics  of  8-14 
General  characteristics  of  aromatic 
series  of  nitro  compounds  9-10 
General  characteristics  of  aliphatic 
series  "nitro  compounds  9-10,  209-224 
Nitro  compounds,  production  of  19-20 

-  ,  properties  of  9,'  11-14 
Nitro  form  -  see  trinitromethane 
Nitrochlorobenzene  186 
Nltroethane  212,  214 

•  • 

Nitroesters  -  XUfXX  see  nitric  esters 
Oxidation  15,  50-54,  211,  224,  232,  263 
Oxidizing  nitration  21-23,  183-190 
Nitrogen  oxide’ 19-21,  79-80,  211,  254 
bxy  liquids  8 
Octogen  ( cyclotetraBsthylenstetranltrajBlne) 
266-269,  204,  287-290 
Orientation 

-  , ■ in  benzene  substituted  groups  17 


Orientation  in  nitration  17,  21 
Spent  acid  68  -  70 

-  ,  recovery  (denitration)  75  -  79 
Pentaerythratol  332  -  334,  338-342,  344 
Pentaerythratoltetranitrate  (PETN)  7, 

332  -  344 

Perchlorate  ejqjlosives  8 

HEX  Picramide  -  see  tr ini tr ©aniline 

Aranonium  picrdte  193 

WX  Picric  acid,  see  trinitrophenol 

Pyr-oxylin  5.  7,  350,  354 

Pseudonitro  215 

Reactions 

-  ,  Sandmayor  19, 

-  ,  Konovalova  21,  210  ' 

-  ,  Meyer  ,210 

-  ,  Ross  266,  285 

-  ,  U liman  149 

-  ,  Fridelya  and  Krafts  11 
Resorcinol  204  -  207 
Light,  influence  of 

- ,  upon  nitro  conq^ounds  13 

-  -  ,  upon  TNT  86 
Sulfuric  acid  16,  69 
Mixed  ni,tric  and  sulfuric  acid  16, 

32  -  37,  60  -64 

Styphnic  acid  -  see  trinitroresorcinol 
Waste  waters,  HliMHBIXW  decontamination 
•of  126-127 

Sulfaminic  acid  264,  281-282 
Sulfanatioj  16,  178-181 
Sulfo  acids  178  -182,  195-196 
Sulfones  179 
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Totranltroanllln«  2Uh 
Tetranitrob«Mene  IX  139-140 
Tetranl tr onethane 

-  ,  production  of  50,  220,222-223 

-  ,  application  of  216,  221 

-  ,  properties  of  220  -  222 
TetranitronajiAithalene  170-171 
Tetranitrophenylnethyl-N-nitroamine 

(aetanitrotetro  group)  233,  245 
Tetryl  ( trinitrophenyl-N-methylnitramine ) 

-  ,  production  of  227,  243 

-  ,  application  of  5,  7,  228,  237 

-  ,  properties  of  228-237 
Safety  procedures 

-  -  ,  in  hexogen  production  285-237  . 

-  -  ,  in  nitroglycerin  production  318-319 
-  ,  in  tetryl  production  242-243 

-  -  ,  in  TNT  production  127-130  • 

-  -  ,  in  8KTN  production  344 
Toluene  23,  81-33 
Trinitroanisole  204 
Trinltroaniline  (plcranide)  236,243 
Tri'nitrobenzene 

-  ,  production  of  19,20,130,136,146-149 
•-  ,  properties  of  12,  136-139 
Trinitrocresols  207-209 
Trlnltroxylenes  (xylyl) 

-  ,  production  of  151,154,155,158-162 

-  ,  application  of  151 

-  ,  properties  of  12,  155-158 
Trlnitr onethane  (nltro  fora)  219-220  . 
Trinltro-l,3-di-(methyl-M-nitroaBiine  )- 

KHHiiMXtiinntllO? 

benzene  (dltetrich)  246-247 


Trinitro-3-niethyl^enyl-N-nitrMiine 
(methyltetryl)  246 

nmiTryiiMnrwyTMinir 

Trlnitronaphthalenes 

-  ,  production  of  169,  174-175 

-  ,  application  of  170. 

-  ,  properties  of  169-170 
Trinitroresorcinol  (Styphnic  acid) 

50,  204-207 

Trinitrotoluene  (TNT)  80-130 

-  ,  production  of  80,  86-88,98-130 

-  ,  application  of  5-7,80-81, 

97-98, 

-  ,  properties  of  12,41,88-97 • 
Trlnitro-N-trimethyl-N-*X3affl 

nltroaminobenzene  (tritetryl)  247 
Trini troirf)enolethyl-N-nitroamine 
(ethyl  tetryl)  247 
Trinitrophenetol  204 
Trinitrophenol  (picric  acid)  5,  7, 

.  12,  14,  175-203 

-  ,  production  from  benxene 

183-190,.  199-203 

-  ,  production  from  phenol  176-183, 

195-199 

-  ,  application  of  193-195 

-  ,  fH  properties  of  190-195 
TNT,  see  trinitrotoluene 

PETN,  see  pentaerjiJ:hratoltetranitrate 
Acetic  acid  17,  18,  30,  253,  266, 
285-287,  289 
Acetic  anhydride 

-  -  ,  in  condensation,  reaction  17, 
265-270,  284-287,  290 
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Aoetle  anhydride.  In  nitration 
reaction  16,  17 

Urotroplne  ( hexamethylenetetramine ) 

.  250-270,  275-281,  283-285,  289 

Factor  of  nitrating  activity  (FNA) 

61-62,  64 

Factors  governing  technological 
plann:'.ng  of  process  54-60 
Phenol 

-  ,  nitration  of  18,  29,  31,  181-183 

-  ,  production  of  176-177 

-  ,  properties  of  176-178 

-  ,  sulfonation  178-181 
Formaldehyde  250,  253, .  256-258,  261-265, 

.  272 

Chlorobenzene 

-  ,  nitration  of.  48,  186-187,  201-202,  234, 

241-242 

-  ,  production  of  183-185,  199-201 

-  ,  properties  of  185 

Chloronitrobenzene  49,  186 
Picryl  chloride  216 
Chlorate  explosives  8 
CeJlulose  33,  347-348,  351-352 
CyclotetraaethylenetetranitrsaaiAae, 

see  octogen 

Cyclotrimethylenetrinitroasdne,  see 
hexogen 

Cyclotrimethylenetrinitrosoamine  290-291 
EDNA  -  see  ethylene-N-4initroajaine 
Ethyl  benzene  30 
Ethylene  glycol  (glycol)  326-327 


Ethyleneglycoldinitrate  (glycoldinitrate, 
nitroglycol) 

-  ,  production  of  328,  329 

-  ,  applications-  of  7,  328 

-  ,  properties  of  328 
Ethylene-N-dinitroamine  (EDNA)  291-293 
Ethylene  urea  291 

Ethylene  nitrate  I5I,  153 

Esters  of  nitrous  acid  210-21i,  215 

Esters  of  nitric  acid  301-357 
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